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&DSULQHV
PDNHXSFRIWKHLGHQWLILHGERQHVZLWKDJRDWVKHHSUDWLRRIURXJKO\7KHDJHSURILOHVRI
GRPHVWLFVSHFLHVDQGJRDWLQSDUWLFXODUDW%ODJRWLQDQGRWKHUVLWHVLQWKHUHJLRQKDYHEHHQ
GLVFXVVHGE\*UHHQILHOGDQG$UQROGZKRQRWHDSDXFLW\RIYHU\\RXQJVSHFLPHQV6DPSOHV
GDWHGIURPWKLVVLWH7DEOH6DUHLQOLQHZLWKSUHYLRXVO\UHSRUWHGGDWHVSUHVHQWHGDERYH

%ODJRWLQ =HPXQLFDSLW%/)M
%ODJRWLQ =HPXQLFDSLW%/),,, 


%ODJRWLQ =HPXQLFD%/-K,,,
%ODJRWLQ =HPXQLFD%/)U

8LYDU5RPDQLD
7KHVHWWOHPHQWKLOORI8LYDULVORFDWHGDERXWNPVRXWKZHVWRI7LPLúRDUDLQ5RPDQLD)LQGV
IURPWKHKLOOGDWHEDFNWRWKHODWH1HROLWKLF9LQþDFXOWXUHDQGWKHHDUO\&RSSHU$JH7LV]DSROJiU
FXOWXUH7KHPDMRULW\RIWKHSUHYLRXVO\H[FDYDWHGVHWWOHPHQWVWUDWDEHORQJVWR9LQþD&ZLWKWKH
PRVWUHFHQWODWH1HROLWKLFKRUL]RQGDWLQJEHWZHHQFDO%&7KHJRDWERQHDQDO\]HG
KHUHVWHPVIURPD1HROLWKLFFRQWH[WDSSUR[LPDWHO\FDO%&DQGKDGESPW'1$
VHTXHQFHSUHYLRXVO\UHSRUWHG

8LY 6FKQLWW,%HIXQG

ýDYGDU%XOJDULD
ýDYGDULVD1HROLWKLFPRXQGLQWKH6RILDGLVWULFWRI%XOJDULD7KHVDPSOHFRPHVIURPDIHDWXUH
GDWLQJWRWKH(DUO\1HROLWKLF.DUDQRYR,SHULRG)URPWKHDURXQGDQLPDOERQHVGHVFULEHG
IURPýDYGDUWKHPDMRULW\WKUHHIRXUWKVFRPHIURPFDWWOHVKHHSDQGJRDWZLWKDVOLJKW
GRPLQDQFHRIRYLFDSULGV7KHDQDO\]HGVDPSOHGDWHVWRDSSFDO%&,WKDG
SUHYLRXVVXFFHVVIXODPSOLILFDWLRQRIDESPW'1$IUDJPHQW

&DY 1$

2YþDURYRJRUDWD%XOJDULD
2YþDURYRJRUDWDLVDQ(DUO\1HROLWKLFVHWWOHPHQWLQWKH7ăUJRYLãWHGLVWULFWRI%XOJDULD7KH
YDVWPDMRULW\RIDQLPDOUHPDLQVIURPWKLVVLWHDUHGRPHVWLFDWHVGRPLQDWHGE\FRZVZLWK
RYLFDSULGVFRQVWLWXWLQJRQO\RIWKHDVVHPEODJH7KHDQDO\]HGVDPSOHFRPHVIURPD
FRQWH[WGDWLQJWR2YþDURYR6DPRYRGHQH&XOWXUHSDUDOOHOL]HGZLWK.DUDQRYR,,DQGGDWHVWRDSS
FDO%&5HSRUWLQJRIPW'1$ESGDWDLVJLYHQLQ

2YF +RUL]RQW7LHIHP4XDGU

.RYDþHYR%XOJDULD
.RYDþHYRLVD1HROLWKLFVHWWOHPHQWORFDWHGLQWKH6WUXPD9DOOH\LQWKH%ODJRHYJUDGGLVWULFWRI
%XOJDULD$QLPDOUHPDLQVIURPWKLVVLWHDUHGRPLQDWHGE\GRPHVWLFVLQSDUWLFXODUE\
RYLFDSULGV7KHVDPSOHVDQDO\]HGKHUHDUHIURP(DUO\1HROLWKLFFRQWH[WVGDWLQJWRDSS
FDO%&5HSRUWLQJRIPW'1$ESGDWDLVJLYHQLQ

.RY 6HNWRU.
.RY 6HNWRU0
.RY 6HNWRU,

$úD÷Õ3ÕQDU7XUNH\
$úD÷Õ3ÕQDULVD1HROLWKLFPRXQGIRXQGQHDU.ÕUNODUHOL7KUDFH:HVWHUQ7XUNH\7KHVDPSOHV
FRPHIURPRFFXSDWLRQOD\HUVGDWLQJWRWKH0LGGOHDQG/DWH1HROLWKLFFFDO%&IURP
H[FDYDWLRQVLQ'RPHVWLFDQLPDOVDUHGRPLQDWLQJWKHIDXQDODVVHPEODJHZLWKWKH


PDMRULW\EHLQJRYLFDSULGVLQWKHROGHUOD\HUVDURXQG6XPPDU\RIGDWHVDQG
UHSRUWLQJRIPW'1$ESGDWDLVJLYHQLQ

$3 $S+
$3 
$3 $S0
$3 $S
$3 $S1

8OXFDN+|\N:HVWHUQ7XUNH\
8OXFDN+|\NLVDVHWWOHPHQWPRXQGORFDWHGLQZHVWHUQ$QDWROLDFORVHWRWKHHDVWHUQ$HJHDQ
FRDVWDQGFRQWDLQVDORQJ1HROLWKLFVHTXHQFHVSDQQLQJIURPWKHHDUO\WKWRHDUO\WKPLOOHQQLXP
%&7KHVLWHKDVEHHQFHQWUDOLQLQYHVWLJDWLQJWKHUHODWLRQVKLSEHWZHHQWKH)HUWLOH&UHVFHQWDQG
(XURSHGXULQJWKHGLVSHUVDOVRIDQLPDOKXVEDQGU\,WLVWKHW\SHVLWHRIWKHVRFDOOHG0HGLWHUUDQHDQ
RUPDULWLPHURXWH,QWHUHVWLQJO\WKHHDUOLHVWRFFXSDWLRQDOOD\HUDW8OXFDN9,ODFNVSRWWHU\EXW
FRQWDLQVPRUSKRORJLFDOO\GRPHVWLFVKHHSJRDWFDWWOHDQGSLJ7KHJRDWVSHFLPHQ
LQFOXGHGLQWKLVVWXG\ZDVIRXQGLQDVWUDWLILHGFRQWH[WGDWHGWRFDO%&DQGLVSUHYLRXVO\
DQDO\VHGESPW'1$LQ

8OX 9E(3-

'LUHNOL&DYH7XUNH\
'LUHNOL&DYHLVORFDWHGLQWKHFHQWUDO7DXUXVPRXQWDLQVRIVRXWKHUQ7XUNH\DWHOHYDWLRQRI
PHWHUVDVOLQWKHSURYLQFHRI.DKUDPDQPDUDV([FDYDWHGE\'U&0(UHNVLQFHWKHVLWHKDV
UHYHDOHGDSUHKLVWRULFVHTXHQFHGDWLQJWR(SLSDOHROLWKLFSHULRG5DGLRFDUERQGDWHVIRUWKH
(SLSDOHROLWKLFOHYHOVSODFHWKHRFFXSDWLRQDWWKH7HUPLQDO3OHLVWRFHQHEHWZHHQFDO
%&7KHVHGDWHVDUHVXSSRUWHGE\DOLWKLFDVVHPEODJHGRPLQDWHGRIPLFUROLWKVZLWKSDUDOOHOVWRWKH
1DWXILDQLQGXVWU\RIWKH/HYDQW7KHUHPDLQVRIKHDUWKIHDWXUHVURXQGVWUXFWXUHVEDNHGFOD\
ILJXULQHVDVZHOODVDKXPDQEXULDOKDYHEHHQXQFRYHUHGLQWKHVHOHYHOV

%DVHGRQDQDO\VLVRIWKHIDXQDOUHPDLQVWKHFDYHZDVXVHGDVDVHDVRQDOVXPPHUIDOOFDPSVLWH
DVVRFLDWHGZLWKKXQWHUJDWKHUHUVLQWKHUHJLRQH[SORLWLQJXSODQGUHVRXUFHVLQFOXGLQJSULPDULO\ZLOG
JRDWVDQGVHFRQGDULO\GHHUDQGDOVRWRUWRLVH'LUHFWGDWLQJRIWZRVDPSOHV'LUHNOLDQG
'LUHNOLSUHVHQWHGLQ7DEOH6LQGLFDWHWKDWWKH\GHULYHIURPWKHWKWKPLOOHQQLXPFDO%&

'LUHNOL '0
'LUHNOL '0
'LUHNOL '0
'LUHNOL '0
'LUHNOL '0

$EX*KRVK,VUDHO
7KHVLWHRI$EX*KRVKLVVLWXDWHGLQWKH-XGHDQ+LOOVFDNPZHVWRIWKHFLW\RI-HUXVDOHP
870ODWLWXGHORQJLWXGH,QSUR[LPLW\WRWKHVLWHDUHVHYHUDOIUHVKZDWHUVSULQJV
DVZHOODVDVPDOOWULEXWDU\RIWKH.HVDORQULYHU7KHVLWHZDVILUVWH[FDYDWHGLQWKH¶VE\-HDQ
3HUURWDQGDJDLQLQE\0RQLTXH/HFKHYDOOLHUERWKRIWKH&HQWUHGH5HFKHUFKHV


)UDQoDLVGH-HUXVDOHP,QDVDOYDJHH[FDYDWLRQZDVXQGHUWDNHQE\+DPRXGL.KDODLO\DQG
2IHU0DUGHUIRUWKH,VUDHO$QWLTXLWLHV$XWKRULW\$OOH[FDYDWRUVUHSRUWHGILQGLQJPLG3UH3RWWHU\
1HROLWKLF%XQFDO%3OD\HUVDVZHOODVDQHSKHPHUDO3RWWHU\1HROLWKLFOD\HU7KH
PLG331%VWUDWDIURPZKLFKWKHVDPSOHVH[DPLQHGLQWKLVVWXG\GHULYH\LHOGHGUHFWDQJXODUKRXVHV
ZLWKSODVWHUIORRUVLQVWDOODWLRQVLQWUDPXUDOKXPDQEXULDOVDQGODUJHFRUSXVHVRIOLWKLFDUWLIDFWV±
SURGXFHGERWKRQDQGRIIVLWHGRPLQDWHGE\DUURZKHDGVDQGVLFNOHEODGHVJURXQGVWRQHYHVVHOV
DQGIDXQDOUHPDLQV

7KHPLG331%IDXQDLVGRPLQDWHGE\JRDWVIROORZHGE\DXURFKVZLOGERDUFHUYLGVFDUQLYRUHV
VPDOOPDPPDOVELUGVUHSWLOHVDQGDPSKLELDQV7KHJRDWVKDYHEHHQLGHQWLILHGDVUHSUHVHQWLQJ
DQLPDOVLQWKHHDUO\LQFLSLHQWVWDJHVRIGRPHVWLFDWLRQEDVHGRQWKHLUELRPHWULFDQGPRUSKRORJLFDO
UHVHPEODQFHWRZLOGJRDWV&DSUDDHJDJUXV SUHGRPLQDQFHRIPDOHVDQGVRPHHYLGHQFHIRU
VHOHFWLYHFXOOLQJVLQFHRQO\RIJRDWVVXUYLYHGLQWRDGXOWKRRG,QDGGLWLRQUHPDLQVRI
LEH[&DSUDLEH[VSKDYHEHHQLGHQWLILHGLQWKHDVVHPEODJHEDVHGRQD'1$DQDO\VHV 7KLV
KDVEHHQLQWHUSUHWHGDVDUHIOHFWLRQWKDWORFDOFRPPXQLWLHVGLGQRWGLVFULPLQDWHEHWZHHQWKH
WZRZLOGJRDWWD[DDQGDWWHPSWHGWRGRPHVWLFDWHERWKRUDOWHUQDWHO\WKDWWKHJRDWVDPSOH
FRPSULVHVKXQWHGDVZHOODVLQFLSLHQWGRPHVWLFDWHV

*KRVK 

µ$LQ*KD]DO-RUGDQ

$LQ*KD]DOLVDODUJHSHUPDQHQW1HROLWKLFVHWWOHPHQWRQWKH1(RXWVNLUWVRI$PPDQ-RUGDQ7KH
VDPSOHGH[FDYDWLRQWUHQFKHVDUHIURPD0331%WHUUDFHFUHDWHGE\EXOOGR]HUVWRSUHYHQWHURVLRQ
RQWRWKHWKHQQHZKLJKZD\EHWZHHQGRZQWRZQ$PPDQDQG=DUTD7KHSHRSOHOLYLQJLQWKH
KRXVHVIURPWKH0331%LQWKLVSDUWRIWKHVLWHKDGGLUHFWDFFHVVWRWKH=DUTD5LYHUZKLFKZDVD
SHUPDQHQWULYHUDUWKLVWLPH$OVRDWWKLVWLPH
$LQ*KD]DOZDVDVL]HDEOHYLOODJHHVWLPDWHG
SRSXODWLRQRIEXWDIWHUaFDO%&WKHVL]HRIWKHVLWHDQGWKHSRSXODWLRQH[SORGHGLQ
FRPSDULVRQWRHDUOLHUWLPHV7KHHDUOLHUSKDVHVDW
$LQ*KD]DOEHJDQDVHDUO\DVFDO%&
DQGWKH0331%HQGHGDWFFDO%&7KH/DWH331%HPHUJHGWKHQDQGFRQWLQXHGXQWLOF
FDO%&IROORZHGE\WKH331&ZKLFKODVWHGXQWLOFFDO%&7KURXJKRXWLWV
RFFXSDWLRQ&DSUD PDGHXSDVXEVWDQWLDOSURSRUWLRQRIIDXQDOUHPDLQV

2ULJLQDO]RRDUFKDHRORJLFDOVWXGLHVRIWKHµ$LQ*KD]DODQLPDOERQHVZHUHXQGHUWDNHQE\YRQGHQ
'ULHVFKDQG:RGWNHDQG:DVVHEDVHGRQVHSDUDWHFROOHFWLRQV0DUWLQDQG(GZDUGV
XQGHUWRRNFRPSDUDWLYHRVWHRPHWULFDQDO\VHVRIWKHµ$LQ*KD]DOJRDWVDQGVKHHSRQO\7KHJRDW
VSHFLPHQVVDPSOHGIRUWKHFXUUHQWVWXG\GHULYHIURP0LGGOH331%OHYHOVVHHEHORZ9RQGHQ
'ULHVFKDQG:RGWNHLQWHUSUHW0LGGOH331%JRDWERQHVDVEHORQJLQJWRPDQDJHGDQLPDOVZLWK
GRPHVWLFDWHGJRDWVDSSHDULQJE\/DWH331%FFDO%&RQWKHEDVLVRIFXOOSDWWHUQVDQG
ERQHVL]H%\FRQWUDVW:DVVHDQG0DUWLQ	(GZDUGVILQGWKHPDMRULW\RIWKH$LQ*KD]DOJRDWVWR
EHRIVPDOOVL]HE\WKH0LGGOH331%DQGOLNHO\GRPHVWLF$OOVWXGLHVLGHQWLILHGDVPDOOQXPEHURI
ODUJHVL]HJRDWVLQ0LGGOH331%GHSRVLWVDVVXPHGWREHZLOGORFDO&DSUDDHJDJUXV,QWHUSUHWDWLRQ
YDULHVDVWRZKHWKHUORFDOZLOGJRDWVZHUHKXQWHGSUH\VHSDUDWHIURPLPSRUWHGGRPHVWLFVWRFN
RUZLOGVWRFNZKLFKZDVGRPHVWLFDWHGORFDOO\LQWKHYLFLQLW\RIµ$LQ*KD]DO0DUWLQ	
(GZDUGVUDLVHWKHSRVVLELOLW\WKDWLPSRUWHGGRPHVWLFJRDWVFRXOGKDYHEHHQFURVVHGZLWKORFDO
ZLOG&DSUDDHJDJUXVWRH[SODLQRVWHRPHWULFVL]HUDQJHV7KHZLOGGRPHVWLFPDQDJHGVWDWXVRI
JRDWVLQ0LGGOH331%OHYHOVDWµ$LQ*KD]DOLVXQUHVROYHGEXWWKHLUGRPLQDQFHFDSULQHV


PRVWO\JRDWVVXSSRUWVDQLQWHUSUHWDWLRQRIPDQDJHPHQWGRPHVWLFDWLRQ3HWURXVERQHVRIPHGLXP
XQJXODWHVL]HZHUHVDPSOHGIURPWKHµ$LQ*KD]DOIDXQDODVVHPEODJHKRXVHGDW8&/,QVWLWXWHRI
$UFKDHRORJ\LQ0D\E\%UDGOH\0XOOLQDQG0DUWLQ

7KHIROORZLQJ<DUPRXNLDQ3RWWHU\1HROLWKLF/DWH1HROLWKLFLVYHU\SRRUO\GDWHGDQ\ZKHUHEXW
DJHQHUDOFRQVHQVXVDSSHDUVWRSODFHLWLQWKHODWWHUKDOIRIWKHWKPLOOHQQLXP%&DQGWKHHDUOLHU
SDUWRIWKHWK'DWHVSUHVHQWHGEHORZUHIHUWRFDOLEUDWHGGDWHVRIWKHDSSURSURSULDWH3KDVH

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
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
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
+RYN&DYH$UPHQLD
+RYNFDYHP$60//DWLWXGH¶´1/RQJLWXGH¶¶¶(LVLQWKH
QRUWKHDVWHUO\7DYXVKSURYLQFHRI$UPHQLDDQGKDVDULFKDQGGLYHUVHODUJHIDXQDODVVHPEODJH
7KLVKDVH[FHSWLRQDOSUHVHUYDWLRQWKDWSHUVLVWVWKURXJKRXWVWUDWLJUDSKLFXQLWV0DPPDOVFRQVLVW
PDLQO\RIXQJXODWHDQGFDUQLYRUHWD[D&DHJDJUXV FRQVWLWXWHVRYHURIWKHIRUPHU7KHERQH
VDPSOHGZDVDSHWURXVHOHPHQWH[FDYDWHGLQIURPWKH3OHLVWRFHQHFROOXYLXPRI8QLWDWKH
UHDUJDOOHU\RIWKHFDYH7KHVHGLPHQWVRIWKHUHDUJDOOHU\ZHUHDFFXPXODWHGGXULQJWKHSHULRGDW
ZKLFKWKHFDYH¶VFKLPQH\ZDVRSHQHGDQGWKHLUVRXUFHZDVOLNHO\WKHSODWHDXDERYHWKHFDYH7KH
VHGLPHQWVFRQVLVWHGRIYDULRXV3OHLVWRFHQHIDXQDDQGDVLQJOHOLPHVWRQH/HYDOORLVIODNH7KLVERQH
KDGDGLUHFWGDWHHVWLPDWHGLQWKLVVWXG\EXWZDVRXWVLGHWKHUDQJHRI&DQGLVWKHUHIRUHUHSRUWHG
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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.KRUUDPDEDGDQG0DOD\HULQWKH=DJURVPRXQWDLQVRI,UDQ7KHVLWHZDVH[FDYDWHGE\-XGLWK
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SRWHQWLDORIWKHVLWHIRUWKHXQGHUVWDQGLQJRIWKH1HROLWKLFSHRSOLQJRIWKH=DJURVDQGLWVVSUHDGWR
WKH(DVW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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JRLWHUHGJD]HOOHKDOIDVVKDUHIR[HWFPDNHXSDVPDOO
SURSRUWLRQRIWKHDVVHPEODJH

0RQMXNOL */RFXV51O
0RQMXNOL &/RFXV51U
0RQMXNOL (/RFXV51U
0RQMXNOL '/RFXV51%U
0RQMXNOL &/RFXV51O
0RQMXNOL &/RFXV51$O
0RQMXNOL &/RFXV51O



3LHWUHOH5RPDQLD
7KHVHWWOHPHQW0DJXUD*RUJDQDLVD&KDOFROLWKLFPRXQGIURP*XPHOQLĠD&XOWXUHQHDU3LHWUHOHLQ
WKH*LXUJLX3URYLQFHRI5RPDQLD7KHVDPSOHDQDO\]HGKHUHGDWHVWRDSSFDO%&
$UHSRUWRIESPW'1$VHTXHQFHIURPWKLVVSHFLPHQLVJLYHQLQ

3LH 3)

'UDPD0HUGåXPHNMD%XOJDULD
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FRPELQDWLRQRIPHDWVNLQVILEHUJRDWKDLU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*UHDWHUDQG/HVVHU&DXFDVXV0RXQWDLQVLQWKH.DNKHWLUHJLRQRI*HRUJLD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VWUDWLILFDWLRQSROLWLFDOFRQQHFWLRQVH[WHQVLYHWUDGHUHODWLRQVDORFDOPHWDOLQGXVWU\DQGRWKHU
FUDIWV

)RXUVWUDWDRIWKH&KDOFROLWKLFVHWWOHPHQWZHUHLGHQWLILHGGDWLQJWRWRFDO%&ZLWKQR
HDUOLHURUODWHURFFXSDWLRQ7KHIDXQDODVVHPEODJHVUHFRYHUHGIURPGLIIHUHQWVHDVRQVZHUH
H[DPLQHGE\*ULJVRQDQG:KLWFKHU5HPDLQVDUHGRPLQDWHGE\GRPHVWLFVKHHS
JRDWDQGFDWWOHZLWKSDOWU\ILQGVRIJD]HOOHZLOGFDUQLYRUHVGRJVDQGHTXLGVEXWODFNLQJLQSLJV,W
LVVXJJHVWHGWKDWWKHFDSULQHFXOOSDWWHUQVXSSRUWVDVSHFLDOL]HGHFRQRP\JHDUHGWRZDUGVPLON
SURGXFWLRQ2YHUDOOWKHVXEVLVWHQFHHFRQRP\RIWKHVLWHZDVEDVHGRQPL[HGIDUPLQJDORQJZLWK
DJURSDVWRUDOLVP+RZHYHUZKHWKHUDOORUVRPHRIWKH1HJHY&KDOFROLWKLFFRPPXQLWLHVZHUH
VHPLQRPDGLFRUVHGHQWDU\FRQWLQXHVWREHGHEDWHG

6KLTPLP 5$
6KLTPLP &

%*LODW,VUDHO
7KH³*KDVVXOLDQ´&KDOFROLWKLFVLWHRI*LODWLVORFDWHGRQWKHHDVWEDQNRIWKH3DWLVKULYHUFDNP
HDVWRIWKHWRZQRI2IDNLPLQWKHQRUWKHUQ1HJHY870ODWLWXGHORQJLWXGH


7KHILUVWH[FDYDWLRQVDWWKHVLWHZHUHXQGHUWDNHQLQE\WKHODWH'DYLG$ORQIRUWKH,VUDHO
'HSDUWPHQWRI$QWLTXLWLHVIROORZHGE\PRUHH[WHQVLYHH[FDYDWLRQVE\7RP/HY\FXUUHQWO\
8QLYHUVLW\RI&DOLIRUQLD6DQ'LHJRDQG'DYLG$ORQLQ6LWHVL]HZDV
HVWLPDWHGDVFDKHFWDUHVZLWKVHYHUDO&KDOFROLWKLFRFFXSDWLRQOD\HUVUHFRJQL]HG7KH
RFFXSDWLRQFHQWHUVZLWKLQWKUHHRIIRXUFHQWXULHVDURXQGFDO%&ZLWKWKHVLWHDEDQGRQHG
GXULQJWKH&KDOFROLWKLFDQGQRWUHVHWWOHG

*LODWKDVEHHQLQWHUSUHWHGDVDSHUPDQHQWVHWWOHPHQWSUREDEO\DULWXDOFHQWHUVDQFWXDU\DVDWWHVWHG
WRE\WKHSUHVHQFHRIDODUJHVWUXFWXUHLQWHUSUHWHGDVDWHPSOHFRPSULVLQJURRPVFRXUW\DUGVDQG
VSHFLDOILQGV6LWHVXEVLVWHQFHZDVEDVHGRQFHUHDOFXOWLYDWLRQSDVWRUDOLVPSULPDULO\RIGRPHVWLF
FDSULQHVH[SORLWHGIRUWKHLUVHFRQGDU\SURGXFWVDQGWUDGH*ULJVRQZKRDQDO\VHGWKH
DVVHPEODJHLGHQWLILHGERWKGRPHVWLFVKHHSDQGJRDWVWKHVKHHSKDYH$PPRQW\SHFXUYHGKRUQV
ZKLOHWKHJRDWVKDYHWZLVWHGKRUQVDQGUHSUHVHQWDQLPDOVRIVKRUWVWDWXUH5HPDLQVRIRWKHUVSHFLHV
UHFRYHUHGLQFOXGHGRPHVWLFSLJVFDWWOHHTXLGVGRJVDQGIHZJDPHDQLPDOVHJKDUWHEHHVW
JD]HOOHRVWULFKFDUQLYRUHV

*LODW 0
*LODW 
*LODW 01

$7HO<DUPXWK,VUDHO
7HO<DUPRXWKLVORFDWHGRQWKHHGJHRIWKHFRDVWDOSODLQRI,VUDHOFDNPVRXWKRIWKHWRZQRI%HW
6KHPHVKDGMDFHQWWRIUHVKZDWHUVSULQJVDQGWKH<DUPRXWK5LYHU870ODWLWXGHORQJLWXGH
7KLVODUJHWHOFRYHUVFDGXQDPVZLWKDGXQDPDFURSROLV,WZDVILUVWH[FDYDWHG
E\$PQRQ%HQ7RUIRUWKH+HEUHZ8QLYHUVLW\DQGVLQFHWKH¶VE\3LHUUHGH0LURVFKHGMLIRU
WKH&HQWUHGH5HFKHUFKHV)UDQoDLVGH-HUXVDOHPIURPZKRVHH[FDYDWLRQVWKHIDXQDH[DPLQHGLQ
WKLVVWXG\GHULYH([WHQVLYHUHPDLQVEHORQJLQJWRERWKWKH(DUO\%URQ]H$JH,,,DDQGE
FDO%&KDYHEHHQIRXQGLQFOXGLQJSULYDWHKRXVHVVLORVDODUJHSXEOLFVWUXFWXUH
LGHQWLILHGDVDWHPSOHIRUWLILFDWLRQVDQGDFLW\JDWH5HPDLQVGDWLQJWRWKHHDUOLHU(DUO\%URQ]H
$JH,,KDYHDOVREHHQIRXQGEXWRQO\VFDQW\ILQGVGDWLQJWRWKH(DUO\%URQ]H$JH,DQGRYHUO\LQJ
,URQ$JHDQG5RPDQGHSRVLWV

'RPHVWLFVKHHSDQGJRDWDUHWKHWZRPRVWFRPPRQVSHFLHVUHSUHVHQWHGDW<DUPRXWKDQGWRJHWKHU
FRPSULVHRYHURIWKHDVVHPEODJHV6KHHSRXWQXPEHUJRDWV2QO\FDRIWKH(%FDSULQHV
ZHUHFXOOHGDJHOHVVWKDQWZR\HDUVVXJJHVWLQJH[SORLWDWLRQRIKHUGVIRUWKHLUVHFRQGDU\SURGXFWV
$IWHUFDSULQHVFDWWOHDUHWKHWKLUGPRVWFRPPRQDQLPDODWWKHVLWHDQGWKHERYLQHDVVHPEODJH
LQFOXGHVDIHZERQHVLGHQWLILHGDVDXURFKV5HPDLQVRIRWKHUDQLPDOVDUHIHZSLJVHTXLG
KDUWHEHHVWFHUYLGVJD]HOOHFDUQLYRUHVILVKDQGELUGV

<DUPXW 
<DUPXW 

%7HO<RTQH¶DP,VUDHO
7HO<RTQH¶DPORFDWHGFDNPVRXWKHDVWRIWKHFLW\RI+DLIDODWLWXGHORQJLWXGH
OLHVRQLPSRUWDQWDQFLHQWWUDGHURXWHVWKDWWUDYHUVHGQRUWKHUQ,VUDHOWKH9LD0DULV
ZKLFKFRQQHFWHGWKH0HGLWHUUDQHDQFRDVWIURP7\UH/HEDQRQDQGWKHURXWHWKURXJK:DGL0LOHN


WRWKH-RUGDQ9DOOH\DQGEH\RQG([FDYDWLRQVDWWKHVLWHZHUHFRQGXFWHGLQE\$PRQ
%HQ7RURI7KH+HEUHZ8QLYHUVLW\RI-HUXVDOHP,Q0LULDP$YLVVDURIWKH,VUDHO$QWLTXLWLHV
$XWKRULW\XQGHUWRRNDVPDOOH[FDYDWLRQRQWKHVXPPLWRIWKHWHO

7KHWHOLVDPXOWLSHULRGVHWWOHPHQWFRYHULQJFDKHFWDUHVDQGFRPSULVHVFRPHGLIIHUHQW
RFFXSDWLRQVSDQQLQJIURPWKH(DUO\%URQ]H$JHFDFDO%&WRWKH2WWRPDQSHULRG,W
ZDVDQLPSRUWDQW&DQDDQLWHFLW\LQWKH0LGGOH%URQ]HDQG/DWH%URQ]H$JHVDQGZDVFRQTXHUHG
LQ%&E\(J\SWLDQ3KDUDRK7KXWPRVH,,,$,QWKH%LEOH<RTQH¶DPDSSHDUVRQWKHOLVWRI
&DQDDQLWHFLW\VWDWHVFRQTXHUHGE\-RVKXD,QWKH,URQ$JHLWZDVDQ,VUDHOLWHFLW\([FDYDWLRQVRI
WKH%URQ]HDQG,URQ$JHVWUDWDKDYHUHYHDOHGIRUWLILFDWLRQVFLW\ZDOOJODFLVDQGGHIHQVLYHWRZHUV
VWRUHURRPVUHVLGHQWLDODUHDVDSDODFHDQGDQXQGHUJURXQGZDWHUUHVHUYRLU$WWKLVWLPHWKHDUHD
DURXQGWKHWHOOZDVDQDGGLWLRQDOUHVLGHQWLDODUHDWKHORZHUFLW\

)DXQDOUHPDLQVIURPWKH0LGGOH%URQ]H$JHWKURXJKWKH2WWRPDQSHULRGDWWKHWHOZHUHDQDO\]HG
E\+RUZLW]DQGFROOHDJXHV,QDOOSHULRGVWKHWUDGLWLRQDOWULDGRIGRPHVWLFVSHFLHV±VKHHS
JRDWFDWWOH±SUHGRPLQDWHVXSSOHPHQWHGLQVRPHSHULRGVE\VZLQH7KHUHODWLYHSURSRUWLRQVRI
WKHVHWD[DVKLIWRYHUWLPHZLWKSHDNFDSULQHIUHTXHQFLHV±HVSHFLDOO\RIVKHHSUHFRUGHGLQWKH/DWH
%URQ]HDQG,URQ$JH,7KLVZDVSUREDEO\UHODWHGWRZRROSURGXFWLRQLQWKH/DWH%URQ]H$JHDQG
LVUHIOHFWHGLQWKHFXOOSDWWHUQV2YHUWLPHFDWWOHQXPEHUVLQFUHDVHGWRSHDNLQWKH,URQ$JH,,%D
WUHQGWKDWPD\EHDVVRFLDWHGZLWKH[SDQVLRQRISORXJKFXOWLYDWLRQ7KHUHLVDFRQFRPLWDQWGURSLQ
SLJQXPEHUV0HWULFGDWDVKRZVQRVLJQLILFDQWFKDQJHLQFDSULQHVL]HVRYHUWLPH6SHFLHVGHULYHG
IURPKXQWLQJDQGILVKLQJRFFXULQDOOSHULRGVEXWDUHQRWDEXQGDQWWKRXJKVRPHIOXFWXDWLRQVDUH
HYLGHQWRYHUWLPH

<RTQHDP 

&7HOHV6DIL*DWK,VUDHO
7HOHV6DIL*DWKLVORFDWHGFDNPHDVWRIWKHFLW\RI$VKNHORQLQWKHFHQWUDOFRDVWDOSODLQ
6KHSKHODKRI,VUDHO870ODWLWXGH870ORQJLWXGH6PDOOVFDOH
H[FDYDWLRQVZHUHILUVWXQGHUWDNHQDWWKHVLWHLQE\%OLVVDQG0DFDOLVWHUZKLOHH[WHQVLYH
H[FDYDWLRQVKDYHEHHQGLUHFWHGDWWKHVLWHE\$UHQ00DHLU%DU,ODQ8QLYHUVLW\VLQFHDQG
DUHRQJRLQJ7KHVHLQYHVWLJDWLRQVKDYH\LHOGHGLPSRUWDQWDUFKDHRORJLFDOGDWDRQWKHRFFXSDWLRQRI
WKHWHOVSDQQLQJWKH(DUO\%URQ]H$JHWRWKH2WWRPDQSHULRG

7KH(DUO\%URQ]H$JH&DQDDQLWHGHSRVLWVKDYHUHYHDOHGDVHULHVRIRFFXSDWLRQOHYHOVLQD
UHVLGHQWLDODUHDDVZHOODVIRUWLILFDWLRQV7RGDWH0LGGOH%URQ]H$JHRFFXSDWLRQRIWKHWHOLV
DWWHVWHGWRRQO\WKHVXPPLW+XPDQDFWLYLW\DWWKHVLWHSHDNHGGXULQJWKH,URQ$JHZKHQLWZDVRQH
RIWKHPDLQ3KLOLVWLQHFLWLHVWKHELEOLFDO³*DWKRIWKH3KLOLVWLQHV´7KHH[FDYDWLRQVKDYHVKHGOLJKW
RQWKHWLPLQJDQGRULJLQRIWKH3KLOLVWLQHFXOWXUHRIIHULQJLQVLJKWVLQWRLWVHYROXWLRQDQGILQDO
GLVDSSHDUDQFH7KHDGYHQWRIWKH3KLOLVWLQHRFFXSDWLRQZDVDFFRPSDQLHGE\WKHLQWURGXFWLRQRID
EURDGVSHFWUXPRISODQWVIURPVHYHUDOUHJLRQVDVZHOODVLPSRUWHGSLJVIURPWKH$HJHDQ
,QWKHODWH,URQ$JH,,$FDODWHWKFHQWXU\FDO%&WKHWHODQGWKHORZHUFLW\DWWKHIRRWRIWKHWHO
ZHUHSXWXQGHUVLHJHDQGFRQTXHUHGDSSDUHQWO\E\.LQJ+D]DHORI$UDP'DPDVFXV7KLV
GHVWUXFWLRQOD\HUKDV\LHOGHGDULFKDVVRUWPHQWRIZHOOSUHVHUYHGILQGVLQFOXGLQJULWXDOVWRUDJHDQG
GRPHVWLFDUHDVKXQGUHGVRIFHUDPLFYHVVHOVOLWKLFDQGPHWDODUWHIDFWVLYRU\DQGERQHGHFRUDWLRQV
FHUDPLFILJXULQHVLQDGGLWLRQWRERWDQLFDODQGDQLPDOUHPDLQV



7KHDUFKDHR]RRORJ\RIWKH(DUO\%URQ]H$JHOD\HUVLVEHLQJVWXGLHGE\*UHHQILHOGDQGFROOHDJXHV
ZKLOHWKH/DWH%URQ]HDQG,URQ$JHIDXQDOUHPDLQVDUHVWXGLHGE\/HY7RYDQG
+RUZLW],QDOOSHULRGVDQGVWUDWDDWWKHVLWHUHPDLQVRIVKHHSDQGJRDWDUHWKHPRVWFRPPRQ
EXWWKHLUIUHTXHQFLHVFKDQJHVRYHUWLPHUHODWLYHWRWKRVHRIFDWWOHDQGSLJV7KHODWWHUDUHPRVW
FRPPRQLQOD\HUVDVVRFLDWHGZLWKWKH3KLOLVWLQHVDQGWKHQGHFUHDVHGUDPDWLFDOO\LQWKHODWH,URQ
$JHOHYHOVDWWKHVLWH$GXOWJRDWVDUHPRUHFRPPRQWKDQVKHHSLQWKH(DUO\%URQ]HDQG(DUO\,URQ
$JHVDILQGLQJLQWHUSUHWHGDVUHIOHFWLQJDPDQDJHPHQWVWUDWHJ\IRFXVHGRQPHDWDQGPLON
SURGXFWLRQUDWKHUWKDQZRRO$GGLWLRQDOGRPHVWLFVSHFLHVIRXQGDUHHTXLGVFDPHOVLQWKHODWH,URQ
$JHDQGGRJVZKLOHKXQWHGWD[DHJJD]HOOHGHHUZLOGFDUQLYRUHVDVZHOODVILVKRFFXULQDOO
SHULRGVSHDNIUHTXHQFLHVLQWKH%URQ]H$JHEXWWKHLUFRQWULEXWLRQWRWKHGLHWZDVQHJOLJLEOH

6DIL :

'7HO0LTQH(NURQ,VUDHO
7KHWHOLVORFDWHGRQWKH,VUDHOLFRDVWDOSODLQ6KHSKHODKFDNPVRXWKZHVWRI-HUXVDOHP870
ODWLWXGHORQJLWXGH,WVLWVRQWUDGHURXWHVJRLQJQRUWKHDVWIURPWKHFRDVWLQWR
WKHKLQWHUODQG7KHVLWHZDVH[FDYDWHGXQGHUWKHGLUHFWLRQRI7UXGH'RWKDQ+HEUHZ8QLYHUVLW\
DQG6H\PRXU*LWLQ:)$OEULJKW,QVWLWXWHRI$UFKDHRORJLFDO5HVHDUFKEHJLQQLQJLQ
WKURXJK7HO0LTQH(NURQKDVEHHQLGHQWLILHGZLWKELEOLFDO(NURQRQHRIWKHILYH3KLOLVWLQH
FLWLHVWKDWH[LVWHGRQWKHFHQWUDO,VUDHOLFRDVWDOSODLQLQWKH/DWH%URQ]H$JH,,WKURXJKWRWKHHQGRI
WKH,URQ$JHFDODWHWKWKFHQWXULHVWRWKWKFHQWXULHVFDO%&6FDQW\HDUOLHUUHPDLQVGDWLQJ
WRWKH&KDOFROLWKLFDQG(DUO\%URQ]H$JHKDYHEHHQIRXQGDWWKHVLWHDVZHOODVIUDJPHQWDU\
HYLGHQFHIRURFFXSDWLRQLQWKH5RPDQ%\]DQWLQHDQG,VODPLFSHULRGV

)DXQDODVVHPEODJHVIURPGLIIHUHQWSDUWVRIWKHWHOKDYHEHHQVWXGLHGE\WKHODWH%ULDQ+HVVH-XVWLQ
/HY7RYDQG(GZDUG0DKHU±,QDOPRVWDOOSHULRGVGRPHVWLFFDSULQHVIRUPHGWKH
PDLQVWD\RIWKHHFRQRP\DQGZHUHFORVHO\IROORZHGE\FDWWOHDQGDWWKHKHLJKWRI3KLOLVWLQHUXOH
DOVRE\SLJVZKRVHIUHTXHQF\GURSVRIILQWKHODWH,URQ$JH5HPDLQVRIGRPHVWLFHTXLGVGRJVDQG
ZLOGDQLPDOVDUHQHJOLJLEOHLQDOOSHULRGVEXWDUHRIWHQIRXQGLQULWXDOFRQWH[WV6KHHSJRDW
SURSRUWLRQVFKDQJHRYHUWLPHZLWKDSUHGRPLQDQFHRIVKHHSLQWKHODWH,URQ$JHLQGLFDWLYHRI
ZRROSURGXFWLRQ0RUWDOLW\SDWWHUQVDOVRFKDQJHDQGDUHLQWHUSUHWHGE\/HY7RYDVHYLGHQFH
IRUDVKLIWIURPDORFDOKRXVHKROGRULHQWHGFDSULQHSURGXFWLRQV\VWHPIRFXVHGRQSURGXFWLRQIRU
PHDWDQGVHFRQGDU\SURGXFWVWRDPDUNHWRULHQWHGV\VWHPJHDUHGSULPDULO\WRZDUGVHFRQGDU\
SURGXFWVLQWKHODWH,URQ$JH

0LTQH 1:

3RWWHUQH8.
7KH/DWH%URQ]H$JH(DUO\,URQ$JHVLWHRI3RWWHUQHLVVLWXDWHGLQWKHYLOODJHRI3RWWHUQHLQ
:LOWVKLUH8.([FDYDWLRQRFFXUUHGEHWZHHQDQGOHGE\$QGUHZ/DZVRQ'DWHV
IRUWKHVLWHUDQJHIURPWRXQFDO%3WKHPDMRULW\RIILQGVDWWULEXWHGWRWKH
/DWH%URQ]H$JHDQG(DUO\,URQ$JH7KHVLWHSURYHGWRFRQWDFWDULFKUHFRUGRISRWWHU\FKDUUHG
SODQWVDQGDQLPDOUHPDLQVVSHFLPHQ



=RRDUFKDHRORJLFDODQDO\VHVKDYHIRFXVHGRQ&XWWLQJ=RQHVIURPZKLFKDSSUR[LPDWHO\
ERQHHOHPHQWVKDYHEHHQH[FDYDWHG$VPDOOQXPEHURIERQHVZHUHVSHFLILFDOO\LGHQWLILHG
DVJRDWXVLQJPHWULFGDWDIURPPHWDFDUSDOVDQGPHWDWDUVDOVZHUHFODVVLILHGDVVKHHSJRDW
DQGDVVPDOOXQJXODWH2IWKHVHYHQW\RQHKRUQFRUHVUHFRYHUHGMXVWWZRFRXOGEHDWWULEXWHG
WRJRDWVKHHSDUHWKRXJKWWRKDYHPDGHXSWKHPDMRULW\RIVKHHSJRDWUHPDLQV7LELDH
PHDVXUHPHQWVRIVKHHSJRDWUHPDLQVDUHFRPSDUDEOHWRRWKHU/DWH%URQ]H$JHVLWHV5XQQ\PHDGH
DQG%DUOH\7KHVXPWRWDORIWKHDQLPDODVVHPEODJHLQGLFDWHVDSDVWRUDOHFRQRP\IRFXVHGRQ
FDWWOHDQGVKHHS6KHHSJRDWLQFUHDVHLQIUHTXHQF\LQPRUHUHFHQWSKDVHVOLNHO\UHIOHFWLQJJUHDWHU
UHOLDQFHRQVKHHSLJQRULQJGLIIHULQJ\LHOGV

7KHJRDWVDPSOHLGHQWLILHGKHUH3RWWHUQHLVIURP3KDVHRI&XWWLQJ5DGLRFDUERQGDWLQJRI
WKUHHFKDUFRDOUHPDLQVIURP3KDVHUDQJHIURPFDO%&WRFDO%&VLJPD
FDOLEUDWLRQ$V3RWWHUQHZDVUHFRYHUHGIURPEHQHDWK3KDVHLWVKRXOGLQWKHROGHUHQGRIWKLV
UDQJHLIQRWROGHUKRZHYHUVOLSSDJHIURPDODWHU3KDVHLVSRVVLEOH

3RWWHUQH %R[


6DPSOHSUHSDUDWLRQDQG'1$H[WUDFWLRQ
3HWURXVERQHVPRUSKRORJLFDOO\LGHQWLILHGDVFDSULQHZHUHSUHSDUHGLQDGHGLFDWHGDQFLHQW'1$
IDFLOLW\DW7ULQLW\&ROOHJH'XEOLQ,UHODQGIROORZLQJVWDQGDUGSURWRFROV,QDGGLWLRQ'1$
IURPVDPSOHVIRUZKLFKPLWRFKRQGULDOIUDJPHQWVZHUHSUHYLRXVO\UHSRUWHGZDV
H[WUDFWHGXVLQJDQLGHQWLFDOSURWRFRO7KHVHVDPSOHVZHUHGHULYHGIURPYDULRXVQRQSHWURXVERQH
HOHPHQWVDQGZHUHUHGXFHGWRSRZGHULQGHGLFDWHGDQFLHQW'1$IDFLOLWLHVDW-RKDQQHV
*XWHQEHUJ8QLYHUVLW\0DLQ]*HUPDQ\DVGHVFULEHGLQ

)RUHDFKVDPSOHPJRIERQHSRZGHUZDVVXEMHFWWR'1$H[WUDFWLRQDVGHVFULEHGE\DQG
ODWHUPRGLILHGE\DQG2QHIXUWKHUPRGLILFDWLRQZDVLQWURGXFHGWRWKHSURWRFRODWRWDO
RIWKUHHKRXUSURWHLQDVH.LQFXEDWLRQGLJHVWVZHUHSHUIRUPHG$WWKHHQGRIHDFKLQFXEDWLRQ
VWHSWXEHVZHUHFHQWULIXJHGDWUSPIRUPLQXWHV6XSHUQDWDQWZDVUHPRYHGFDUHIXOO\WR
QRWGLVWXUEWKHXQGLJHVWHGERQHSRZGHUPOO\VLVEXIIHUZDV07ULV+&O6'60
('7$JPO3URWHLQDVH.ZDVWUDQVIHUUHGLQWRWKHWXEHFRQWDLQLQJWKHVXSHUQDWDQWRIWKH
ILQDOWKLUGH[WUDFWLRQWKHWXEHYRUWH[HGDQGUHLQFXEDWHGIRUKRXUVDWΥ&RQWUROVZHUH
LQFOXGHGIRUDOODPSOLILFDWLRQV


/LEUDU\SUHSDUDWLRQ
,OOXPLQDVHTXHQFLQJOLEUDULHVZHUHFRQVWUXFWHGDFFRUGLQJWRZLWKPRGLILFDWLRQV
ȝORISXULILHG'1$ZDVXVHGDVWKHVWDUWLQJPDWHULDO&RQWUROWXEHVȝO+2[ZHUH
LQFOXGHG

)RULQLWLDOVFUHHQLQJF\FOHVRIDPSOLILFDWLRQZHUHSHUIRUPHGȝOOLEUDU\ZDVDPSOLILHGXVLQJ
ȝORIDXQLTXHLQGH[ROLJRȝ0DQGȝORIDPSOLILFDWLRQPDVWHUPL[ȝO$FFX3ULPH3I[
3RO\PHUDVH,QYLWURJHQȝOSULPHU,6ȝ0%ODQN3&5FRQWUROVȝO+2ZHUH
LQFOXGHGF\FOHVRIDPSOLILFDWLRQZHUHSHUIRUPHGIRUDOOVDPSOHVDQGFRQWUROV&IRUPLQ
[&IRUVHF&IRUVHF&IRUVHF&IRUPLQ$PSOLILHGSURGXFWZDV


SXULILHGXVLQJ4LDJHQ0LQ(OXWHFROXPQVIROORZLQJPDQXIDFWXUHU¶VLQVWUXFWLRQVHOXWLQJLQȝO
(%


0L6HT6FUHHQLQJ
QJRIHDFKOLEUDU\ZDVSRROHGDQGWKHQVHTXHQFHGRQDQ,OOXPLQD0L6HTSODWIRUP7ULQLW\
*HQRPH6HTXHQFLQJ/DERUDWRU\7ULQLW\&ROOHJH'XEOLQ,UHODQGXVLQJESVLQJOHHQG
VHTXHQFLQJDQGD3KL;FRQWURODW;

7KHTXDOLW\RIUHVXOWLQJIDVWTILOHVZDVDVVHVVHGXVLQJ)DVW4& )DVWTILOHVZHUHWKHQWULPPHG
DQGILOWHUHGXVLQJFXWDGDSWFXWDGDSWD
$*$7&**$$*$*&$&$&*7&7*$$&7&&$*7&$&2P7KHWULPPHGUHDGVRI
VDPSOHVZHUHDOLJQHGWR&+,5BXVLQJEZDZLWKVHHGLQJGLVDEOHGEZDDOQO
%DPILOHVZHUHSURGXFHGXVLQJ6DPWRROV5HDGVZLWKD0DSSLQJ4XDOLW\DQG
GXSOLFDWHVZHUHUHPRYHGXVLQJ6DPWRROV(QGRJHQRXV'1$ZDVFDOFXODWHGDVQXPEHURIXQLTXH
UHDGVDOLJQHGIROORZLQJPDSSLQJTXDOLW\ILOWHULQJGLYLGHGE\WRWDOUHDGVIROORZLQJWULPPLQJVWHS

'DPDJHSDWWHUQVFKDUDFWHULVWLFRIDQFLHQW'1$±ZHUHDVVHVVHGIRUDOOVDPSOHVXVLQJ
PDS'DPDJH$OOVDPSOHVVKRZHGWKHVKRUWIUDJPHQWOHQJWKDQG¶&7¶*$
PLVLQFRUSRUDWLRQFDXVHGE\F\WRVLQHGHDPLQDWLRQW\SLFDORIDQFLHQW'1$PROHFXOHV)LJXUHV
66)RUVDPSOHV'LUHNOL'LUHNOLDQG'LUHNOLQR8'*WUHDWHGOLEUDU\ZDVSUHSDUHGGXHWR
VFDUFLW\RIPDWHULDO)RUVDPSOHVSUHYLRXVO\UHSRUWHGE\$PHOLH6FKHXQR8'*WUHDWHG
OLEUDULHVZHUHSUHSDUHGDVPLWRFKRQGULDOKDSORJURXSVDVVLJQHGKHUHZHUHLQFRQFRUGDQFHZLWK
SUHYLRXVZRUN 


8'*7UHDWPHQWRI$QFLHQW'1$
7UHDWPHQWRIDQFLHQW'1$ZLWK8UDFLO'1$JO\FRV\ODVH8'*KDVEHHQGHPRQVWUDWHGWRUHPRYH
PLVLQFRUSRUDWLRQDVVRFLDWHGZLWKDQFLHQW'1$8'*WUHDWHGOLEUDULHVZHUHSUHSDUHG
LGHQWLFDOO\DVDERYHZLWKDQDGGLWLRQDOVWHSSULRUWROLEUDU\FRQVWUXFWLRQȝO86(58PO
8UDFLO6SHFLILF([FLVLRQ5HDJHQW1(%ZDVDGGHGWRȝOSXULILHG'1$DQGLQFXEDWHGIRU
KRXUVDWΥSULRUWROLEUDU\FRQVWUXFWLRQ,QWKHVXEVHTXHQW%OXQW(QG5HSDLUVWHSȝOOHVV+2
ZDVXVHGWRWDOUHDFWLRQYROXPHȝO


0LWRFKRQGULDO&DSWXUH
,QJHQHUDOVDPSOHVZLWKHQGRJHQRXV'1$ZHUHVHOHFWHGIRUPLWRFKRQGULDOFDSWXUH$Q
LQVROXWLRQEDLWDQGFDSWXUHDSSURDFKZDVWDNHQXVLQJFXVWRP51$EDLWVGHVLJQHGWR
WDUJHWGRPHVWLFDWHVSHFLHV0<FURDUUD\3O\PRXWK5RDG$QQ$UERU0,86$
0<EDLWVY0\FURDUUD\FDSWXUHV\VWHPZDVXVHGDFFRUGLQJWRWKHPDQXIDFWXUHU¶VSURWRFRO


%ULHIO\DQDGGLWLRQDOILYHDOLTXRWVIURPVHOHFWHGOLEUDULHVZHUH3&5DPSOLILHGXVLQJXQLTXH
LQGH[HVIRUHDFKDPSOLILFDWLRQDQGVDPSOHFRPELQDWLRQDFFRUGLQJWRWKHSURWRFROGHVFULEHGDERYH
$IWHU0LQ(OXWHSXULILFDWLRQDQGTXDQWLILFDWLRQVDPSOHVZHUHSRROHGVXFKWKDWLHDFKVDPSOHKDG
DQHTXDODPRXQWRIHQGRJHQRXV'1$DQGLLWKHUHZDVDWRWDORIQJRI'1$SUHVHQW7KLV


SRROZDVGHVLFFDWHGIRUKRXUVDQGWKHQUHVXVSHQGHGLQȝO+251$EDLWVDQGEORFNVZHUH
DGGHGWRWKHSRRODVPDQXIDFWXUHU¶VLQVWUXFWLRQVZLWKDVLQJOHPRGLILFDWLRQ%ORFNZDVUHSODFHG
ZLWKDQDGGLWLRQDOȝORISRROHG'1$WRWDOȝO%DLWVDQG'1$ZHUHLQFXEDWHGIRUKRXUV
DWΥ&DSWXUHG'1$ZDVUHFRYHUHGXVLQJ'\QDEHDGV0\2QH6WUHSDYLGLQ&PDJQHWLF
EHDGV7KHUPR)LVKHU6FLHQWLILFDQGUHVXVSHQGHGLQȝO+2

ȝORIWKHFDSWXUHG'1$ZDVDPSOLILHGIRUF\FOHVXVLQJ.$3$+L)L'1$3RO\PHUDVH.DSD
%LRV\VWHPVDFFRUGLQJWRWKH0\EDLWVSURWRFRO6LQJOHHQGESVHTXHQFLQJZDVSHUIRUPHGRQ
DQ,OOXPLQD0L6HTSODWIRUP7ULQLW\*HQRPH6HTXHQFLQJ/DERUDWRU\7ULQLW\&ROOHJH'XEOLQ
,UHODQG


1H[W*HQHUDWLRQ6HTXHQFLQJ
6DPSOHVZLWK!HQGRJHQRXV'1$ZHUHVHOHFWHGIRUVHTXHQFLQJRQHLWKHU,OOXPLQD+L6HT
RUSODWIRUPV6DPSOHVZKLFKZHUHEHORZHQGRJHQRXVEXWIURPDSRRUO\VDPSOHGUHJLRQ
RUDUFKDHRORJLFDOFRQWH[WZHUHDOVRVHTXHQFHGRQD+L6HTSODWIRUP86(5WUHDWHGOLEUDULHVZHUH
DPSOLILHGDVGHVFULEHGDERYHXVLQJXQLTXHLQGH[ROLJRVIRUDWRWDORILQGH[HVSHUODQHRI
VHTXHQFLQJ7KHQXPEHURIDPSOLILFDWLRQF\FOHIRUHDFKVDPSOHZDVFKRVHQLQRUGHUWRERWK
PLQLPL]HWKHQXPEHURIF\FOHVDQGREWDLQWKHPLQLPXPDPRXQWRI'1$QJUHTXLUHGIRU
VHTXHQFLQJ$PSOLILHGSURGXFWZDVSXULILHGDQGTXDQWLILHGDVGHVFULEHGDERYH7KHSXULILHG
SURGXFWZDVSRROHGVXFKWKDWHDFKLQGH[ZDVSUHVHQWLQHTXLPRODUDPRXQWVIRUHDFKODQHRI
VHTXHQFLQJ3RROVZHUHWKHQVHTXHQFHGXVLQJD+L6HTRUSODWIRUPVLQJOHHQGUHDG
OHQJWK[ES0DFURJHQ,QF%HRWNNRWUR*HXPFKHRQJX6HRXO5HSXEOLF
RI.RUHD$GGLWLRQDOO\WZRPRGHUQJRDWIURP,UHODQGDQG7RJR7DEOH6ZHUHVHTXHQFHGWR
DSSUR[LPDWHO\;PHDQFRYHUDJHRQDQ,OOXPLQD+L6HTSDLUHQGUHDGOHQJWK[ES


:KROHJHQRPHGDWDSURFHVVLQJ
)RUDQFLHQWVDPSOHVUHDGTXDOLW\ZDVDVVHVVHGXVLQJ)DVW4&DVGHVFULEHGDERYH5HDGWULPPLQJ
DQGOHQJWKILOWHULQJZDVSHUIRUPHGXVLQJFXWDGDSWFXWDGDSWD
$*$7&**$$*$*&$&$&*7&7*$$&7&&$*7&$&2P

)RUVDPSOHVVHOHFWHGIRUZKROHJHQRPHVHTXHQFLQJDOLJQPHQWWR&+,5BZDVSHUIRUPHG
XVLQJEZDDOQZLWKVHHGLQJGLVDEOHGEZDDOQO%DPILOHVZHUHSURGXFHGZLWK
VDPWRROVZLWKUHDGJURXSVDVVLJQHGWRHDFKXQLTXH3&5UHDFWLRQ&ORQDO3&5
SURGXFWV3&5GXSOLFDWHVZHUHUHPRYHGXVLQJVDPWRROVUPGXSIROORZLQJZKLFKUHDGVZLWK
PDSSLQJTXDOLW\OHVVWKDQZHUHUHPRYHG5HDGVIURPWKHVDPHVDPSOHZHUHPHUJHGXVLQJWKH
0HUJH6DP)LOHVRSWLRQRISLFDUGKWWSVJLWKXEFRPEURDGLQVWLWXWHSLFDUGDQGGXSOLFDWHVUHPRYHG
DJDLQ,QGHOUHDOLJQPHQWZDVSHUIRUPHGIRUVDPSOHVDOLJQHGWR&+,5BXVLQJ*$7.

'DPDJHSDWWHUQVZHUHDVVHVVHGXVLQJPDS'DPDJHDQGZHUHVXEVWDQWLDOO\UHGXFHG
FRPSDUHGWROLEUDULHVFRQVWUXFWHGZLWKRXW86(5WUHDWPHQW)LJXUH60HDQ&!7UDWHVDWWKH¶
HQGRI86(5WUHDWHGOLEUDULHVUDQJHGIURPDWEDVHSRVLWLRQWRDWEDVHSRVLWLRQ7R
FRPEDWWKHUHPDLQLQJGDPDJHEDPILOHVZHUHUHVFDOHGXVLQJPDS'DPDJHUHGXFLQJWKHEDVH
TXDOLWLHVRIVLWHVOLNHO\WREHDIIHFWHGE\GHDPLQDWLRQ$VDILQDOSUHFDXWLRQDJDLQVWGDPDJHEDP
ILOHVZHUHVRIWFOLSSHGE\ESDWWKHHQGRIHDFKUHDG



0RGHUQJRDWVDPSOHV7DEOH6ZHUHDOLJQHGWRUHIHUHQFHJHQRPH&+,5BXVLQJEZD
PHPZLWKPDWHLQIRUPDWLRQRISDLUHGHQGUHDGVILOOHGLQXVLQJVDPWRROVIL[PDWH
'XSOLFDWHVZHUHPDUNHGDQGUHPRYHGXVLQJ0DUN'XSOLFDWHVIXQFWLRQRI3LFDUG7RROV
KWWSVEURDGLQVWLWXWHJLWKXELRSLFDUG,QGHOUHDOLJQHGZDVSHUIRUPHGXVLQJ*$7.5HDGV
ZLWKPDSSLQJTXDOLW\OHVVWKDQZHUHWKHQUHPRYHG


0LWRFKRQGULDODOLJQPHQWDQGVHTXHQFHJHQHUDWLRQ
$OOVDPSOHVWKRVHVHOHFWHGIRUZKROHJHQRPHVHTXHQFLQJDQGWKRVHVXEMHFWWRWDUJHWHGFDSWXUH
ZHUHDOLJQHGWRDFLUFXODUL]HGYHUVLRQRIWKHUHYLVHGPLWRFKRQGULDOUHIHUHQFH1&B
XVLQJEZDDOQ%ZDDOQVHHGLQJZDVGLVDEOHGO7KHVHTXHQFHZDVFLUFXODUL]HGE\
FRQFDWHQDWLQJESIURPHLWKHUHQGWRWKHRSSRVLWHHQGRIWKHPLWRJHQRPHUHSHDWLQJVXFKWKDW
HDFKHQGKDVEHHQH[WHQGHG

&RQVHQVXVIDVWDVHTXHQFHVZHUHJHQHUDWHGXVLQJ$1*6' DQJVGGR)DVWDGR&RXQWV
VHW0LQ'HSWKPLQ4PLQ0DS46HTXHQFHVZHUHWKHQGHFLUFXODUL]HGE\UHPRYLQJES
IURPHDFKHQG6DPSOHVZHUHDVVLJQHGWRKDSORJURXSVDFFRUGLQJWRSRVLWLRQZLWKLQDQLQLWLDO
SK\ORJHQ\GHVFULEHGLQWKHVXFFHHGLQJVHFWLRQDQGWKHQUHDOLJQHGWRDFLUFXODUL]HGUHSUHVHQWDWLYH
VHTXHQFH7DEOH6IURPWKHDSSURSULDWHKDSORJURXSXVLQJWKHSLSHOLQHGHVFULEHGDERYHWR
JHQHUDWHILQDOPLWRFKRQGULDOVHTXHQFHVIRUHDFKVDPSOH

)RUWKHPLWRFKRQGULDOPRGHOOLQJGDWDVHWDQDGGLWLRQDOILOWHULQJVWHSZDVSHUIRUPHG7KHQXPEHURI
VLQJOHWRQPXWDWLRQVSUHVHQWLQHDFKVHTXHQFHUHODWLYHWRDOOPRGHUQDQGDQFLHQWVHTXHQFHVZDV
GHWHUPLQHGDQGVHTXHQFHVZLWKJUHDWHUWKDQVLQJOHWRQVH[FOXGHGIURPWKHDQDO\VLV,QDGGLWLRQ
VHTXHQFHVZLWKJUHDWHUWKDQPLVVLQJGDWDZHUHH[FOXGHG7KH'ORRSSRVLWLRQV
ZDVUHPRYHGIURPDOOVDPSOHVSULRUWRPLWRFKRQGULDOPRGHOOLQJ


0LWRFKRQGULDO0/3K\ORJHQ\
7KHPLWRFKRQGULDOVHTXHQFHVJHQHUDWHGDGDWDVHWRISUHYLRXVO\SXEOLVKHGJRDWZKROH
PLWRFKRQGULDUHIHUHQFHVHTXHQFHVDQG1XELDQ,EH[RXWJURXS7DEOH6ZHUHDOLJQHGLQD
PXOWLSOHVHTXHQFHDOLJQPHQWXVLQJ086&/(7KHDOLJQPHQWZDVYLVXDOL]HGXVLQJ6HDYLHZ


0RGHOJHQHUDWRUYZDVXVHGWRGHWHUPLQHWKHPRVWDSSURSULDWHVXEVWLWXWLRQPRGHOIRUWKH
PXOWLSOHVHTXHQFHDOLJQPHQW$0D[LPXP/LNHOLKRRGWUHHZDVJHQHUDWHGXVLQJ3K\0/
ZLWKERRWVWUDSUHSOLFDWHVXVLQJPRGHOSDUDPHWHUVHVWLPDWHGXVLQJPRGHOJHQHUDWRU7KH
UHVXOWLQJSK\ORJHQ\ZDVYLVXDOL]HGXVLQJ)LJWUHHY

7KHRYHUDOOVWUXFWXUHRI0/WUHH)LJXUH6LVVLPLODUWRWKDWUHSRUWHGLQ$QFLHQWGRPHVWLF
VHTXHQFHVJURXSZLWKPRGHUQGRPHVWLFVZLWKPRGHUQEH]RDUDVRXWJURXSZLWKVRPHH[FHSWLRQV
6HTXHQFHVIURP1HROLWKLF/HYDQWµ$LQ*KD]DODQG$EX*KRVKDORQJZLWKPLWRFKRQGULDIURP
SUHGRPHVWLFFRQWH[WVLQWKH7DXUXV0RXQWDLQV'LUHNOL&DYHDQG$UPHQLD+RYN&DYHIRUPD
FODGHZLWKDEH]RDU)KDSORJURXSVHTXHQFH7KH)KDSORJURXSKDVEHHQUHSRUWHGLQDYHU\VPDOO
QXPEHURIGRPHVWLFJRDWDQGLVPRVWO\IRXQGLQEH]RDU



:LWKLQWKH*KDSORJURXSDQLQGLYLGXDO/XUIURP7HSH$EGXO+RVHLQD3UH3RWWHU\1HROLWKLF
VLWHLQWKH=DJURVPRXQWDLQVIRUPVDFODGHZLWKWKHEH]RDUUHIHUHQFHVHTXHQFH2IWKHILYH
UHPDLQLQJDQFLHQW*KDSORJURXSVHTXHQFHVIRXUIRUPDFODGHWKDWLVDQRXWJURXSWR*VHTXHQFHV
ERWKZLOGDQGGRPHVWLF7KUHHRIWKHIRXUDUHIURP1HROLWKLFVLWHVLQHDVWHUQ,UDQ7DSSHK6DQJH
&KDNKPDT6HPQDQDQG7XUNPHQLVWDQ0RQMXNOL'HSH+RZHYHUWKHIRXUWKLVIURPD%URQ]H
$JHFRQWH[WLQ:HVWHUQ$QDWROLD.DQOLJHFLW.LUNODUHOL3URYLQFHRI7XUNH\7KLVVDPSOHIDOOV
RXWVLGHWKHKDELWDWRIEH]RDUDQGKDVEHHQGLUHFWO\UDGLRFDUERQGDWHGWRWKHPLGUGPLOOHQLXP%&
7DEOH6

,QKDSORJURXS' WZRDQFLHQWVHTXHQFHVDUHRXWJURXSVWRWKHPRGHUQEH]RDUDQGGRPHVWLF
VHTXHQFHVRQHPLWRFKRQGULRQIURP1HROLWKLF,UDQ7DSSHK6DQJH&KDNKPDT6HPQDQDQG
DQRWKHUIURP&KDOFROLWKLF,VUDHO6KLTPLP$QDGGLWLRQDOVDPSOHIURP6KLTPLPLVDQRXWJURXSWR
SUHYLRXVO\SXEOLVKHGGRPHVWLF'VHTXHQFHV

$GGLWLRQDOO\WKUHHVHTXHQFHVIURPWKH(SLSDOHROLWKLFVLWHRI'LUHNOL&DYHIRUPDVLVWHUJURXSWRWKH
:HVW&DXFDVLDQ7XU&DSUDFDXFDVLFDPLWRFKRQGULRQ7KLVFDSULGVSHFLHVDORQJZLWKLWV
VXEVSHFLHVWKH(DVW&DXFDVLDQ7XU&DSUDFDXFDVLFDF\OLQGULFRUQLVLVIRXQGWRGD\RQO\LQWKH
&DXFDVXV0RXQWDLQV7ZRRIWKHWKUHHDQFLHQWVDPSOHVIURP'LUHNOL&DYHZLWKWKLV
³7XUOLNH´PLWRFKRQGULDDUHUDGLRFDUERQGDWHGWRDVHFXUHO\SUHGRPHVWLFWLPHSHULRG7DEOH6
WKH\KDYHQRWEHHQLQWURGXFHGIURPDODWHURUPRGHUQFRQWH[W)RUWKHSXUSRVHVRIWKLVSDSHUZH
GHQRWHWKH³7XUOLNH´FODGHDVKDSORJURXS7

7KHPXOWLSOHVHTXHQFHDOLJQPHQWDQGWUHHEXLOGLQJVWHSZDVUHSHDWHGZLWKDGDWDVHWXVLQJWKH
DQFLHQWPLWRFKRQGULRQJHQHUDWHGKHUHDVLQJOHEH]RDUVHTXHQFHIRUHDFKKDSORJURXSZKHQ
DYDLODEOHDQGQXELDQLEH[DVDQRXWJURXS)LJXUHD)LJXUH6:HREWDLQWKHVDPHRYHUDOO
VWUXFWXUHWRWKHWUHHZLWKRXWPRGHUQVHTXHQFHV


0LWRFKRQGULDO%D\HVLDQDQDO\VLV
$%($67DQDO\VLVZDVSHUIRUPHGXVLQJ%($677RHVWLPDWHWKHJRDW
PLWRFKRQGULDOPXWDWLRQUDWHDQGVSOLWWLPHVIRUPLWRFKRQGULDOOLQHDJHVDPXOWLSOHVHTXHQFH
DOLJQPHQWRIPRGHUQJRDWEH]RDUDQGUDGLRFDUERQGDWHGDQFLHQWVHTXHQFHVZKLFKIHOOZLWKLQ
GRPHVWLFJRDWOLQHDJHVZDVSUHSDUHGXVLQJ086&/(7DEOHV6DQG63DUWLWLRQVZHUH
GHILQHGXVLQJWKH1&%,DQQRWDWLRQIRU1&BW51$U51$WKHILUVWDQGVHFRQGFRGRQ
SRVLWLRQV&WKLUGFRGRQSRVLWLRQV&'ORRSDQGWKHUHPDLQGHURIWKHPROHFXOH

7KHDSSURSULDWHQHVVRIWKHVHSDUWLWLRQVZDVWHVWHGXVLQJ3DUWLWLRQ)LQGHUWHVWLQJDOOPRGHOV
OLQNLQJEUDQFKOHQJWKVSHUIRUPLQJPRGHOVHOHFWLRQXVLQJ%,&DQGXVLQJDJUHHG\VHDUFKDOJRULWKP
7KHEHVWPRGHOVGHWHUPLQHGZHUH+.<,IRU&751IRU&+.<,*IRUWKH'ORRSDQG
751,IRUDFRPELQHGSDUWLWLRQRIW51$JHQHVU51$JHQHVDQGWKHUHPDLQGHURIWKH
PLWRJHQRPH

)RUWKH%($67DQDO\VLVVLWHDQGFORFNPRGHOVIRUHDFKSDUWLWLRQZHUHXQOLQNHGZLWKWKHWKHWUHH
OLQNHGDFURVVSDUWLWLRQV7RUHSOLFDWHWKH751PRGHOLQ%($6771ZLWKHVWLPDWHGEDVH
IUHTXHQFLHVZDVXVHGLQVWHDG)RU+.<EDVHIUHTXHQFLHVZHUHDOVRVHWWRHVWLPDWHG&ORFNVIRU


HDFKSDUWLWLRQZHUHVHWWRVWULFW3ULRUVIRUVDPSOHDJHZHUHVHWDV1RUPDOGLVWULEXWLRQVPHDQHTXDO
WRWKHPLGSRLQWRIWKHUDGLRFDUERQ&,VLJPDHTXDOWRRQHTXDUWHURIWKHOHQJWKRIWKH&,
&ORFNSULRUVZHUHVHWWR/RJ1RUPDO0 6 .DSSDSULRUVZHUHVHWWR/RJ1RUPDO
DQGJDPPDVKDSHSULRUVVHWWRH[SRQHQWLDO$&RDOHVFHQW%D\HVLDQ6N\OLQHPRGHOZDVXVHGDVWKH
WUHHPRGHO

)RXULQGHSHQGHQWUXQVRIPLOOLRQFKDLQVZHUHSHUIRUPHGZLWKEXUQLQDQGDVVHVVHG
XVLQJ7UDFHU$VHDFKUXQFRQYHUJHGZLWKZLWKDOO(66!LQGHSHQGHQWUXQVZHUH
PHUJHG)LQDOSRVWHULRUHVWLPDWHVDUHVKRZQLQ7DEOH6$ILQDO0D[LPXP&ODGH&UHGLELOLW\WUHH
ZDVFRQVWUXFWHGZLWKPHGLDQKHLJKWVXVLQJ7UHH$QQRWDWRU)LJXUH6

7RHVWLPDWHDPXWDWLRQUDWHIRUWKHPLWRJHQRPHZLWKWKH'ORRSIRUWKHSXUSRVHRIPRGHOOLQJWKH
DERYHZDVUHSHDWHGXVLQJWKHVDPHVHWWLQJVH[FHSWIRUWKHFORFNPRGHOVZKLFKZHUHOLQNHGDFURVV
WKHQRQ'ORRSSDUWLWLRQV7DEOH6

7RHVWLPDWHWKHGLYHUJHQFHWLPHRIWKH³7XUOLNH´PLWRFKRQGULD%($67ZDVUHSHDWHGXVLQJWKH
VDPHGDWDVHWSOXVWKH³7XUOLNH´PLWRFKRQGULDIURP'LUHNOL&DYHWKH:HVW&DXFDVXV7XU&DSUD
FDXFDVLFDUHIHUHQFHVHTXHQFHDQGWKH0DUNKRUUHIHUHQFHVHTXHQFHDSUHYLRXVVWXG\KDG
SODFHGWKH7XUPLWRFKRQGULRQDVDQRXWJURXSWR0DUNKRU&DSUDIDOFRQHULEH]RDUDQGGRPHVWLF
JRDW3DUWLWLRQ)LQGHUVHOHFWHGWKHVDPHPRGHOVDQGSDUWLWLRQVDVWKHSUHYLRXVDQDO\VLV7KH%($67
DQDO\VLVZDVVHWXSDVGHVFULEHGDERYHDQG(66RIWKHILQDOFRPELQHGORJILOHZDVVDWLVIDFWRU\DOO
(66!DQGWKH0D[LPXP&ODGH&UHGLELOLW\WUHHVKRZQLQ)LJXUH6

0XWDWLRQUDWHVHVWLPDWHGKHUHZHUHFDOFXODWHGXVLQJGLIIHUHQWPLWRJHQRPHSDUWLWLRQVWKDQ
EXWRXUQRQ'ORRSUDWH+3'RYHUODSVZLWKWKHUDWHUHSRUWHGWKHUHIRUWKHHQWLUHPROHFXOH
̳î̳íVXEVWLWXWLRQVSHUQXFOHRWLGHSHU\HDU&RGLQJSDUWLWLRQUDWH+3'VHVWLPDWHGKHUH
RYHUODSZLWKWKRVHUHSRUWHGIRUZLVHQWXVLQJDQFLHQW'1$ 3DUWLWLRQPXWDWLRQUDWHV
GHWHUPLQHGXVLQJWKHDGGLWLRQRI7XU³7XUOLNH´DQG0DUNKRUVHTXHQFHVRYHUODSSHGGLGQRW
VXEVWDQWLDOO\FKDQJHFRPSDUHGWRZKHQFDOFXODWHGZLWKRXW

7KH0D[LPXP&ODGH&UHGLELOLW\WUHHZLWKRXW7XU0DUNKRU)LJXUH6DQGZLWK7XU0DUNKRU
)LJXUH6DUHLQEURDGDJUHHPHQWZLWKWKH0D[LPXP/LNHOLKRRGSK\ORJHQ\SURGXFHGXVLQJDOO
VHTXHQFHV)LJXUHD)LJXUH6ZLWKWKHVDPHVHTXHQFHRIEUDQFKLQJHYHQWV7KHDJHVRI
VSOLWWLQJHYHQWVRIWKHJRDWEH]RDUPLWRFKRQGULDOSK\ORJHQ\HVWLPDWHGKHUH7DEOH6DUHPRUH
UHFHQWWKDQWKRVH0/HVWLPDWHVXVLQJWKHV\QRQ\PRXVVXEVWLWXWLRQUDWHLQ7KH705&$
7LPHWR0RVW5HFHQW&RPPRQ$QFHVWRU+3'RIGRPHVWLFVHTXHQFHVZLWKLQHDFK
KDSORJURXSVDOORYHUODSZLWKRUDUHYHU\FORVHWRWKHDSSUR[LPDWHWLPHRIGRPHVWLFDWLRQ
\HDUV%HIRUH3UHVHQWDQGWKHPVHOYHVRYHUODS$VVXFKGHWHUPLQLQJZKHWKHUWKHUDGLDWLRQWLPHRI
GLIIHUHQWKDSORJURXSVFDQEHDVVRFLDWHGZLWKWKHLUDSSHDUDQFHLQWKHGRPHVWLFJHQHSRROLH
GRPHVWLFDWLRQWLPHLVGLIILFXOWXVLQJVHTXHQFHGDWDDORQH

$VUHSRUWHGLQWKH7XUUHIHUHQFHVHTXHQFHVDORQJZLWKWKH³7XUOLNH´'LUHNOL&DYH
VHTXHQFHVDUHRXWJURXSVWREH]RDUGRPHVWLFJRDWDQGPDUNKRU:HHVWLPDWHWKHWLPHRIWKH
7XU´7XUOLNH´PLWRFKRQGULDOVSOLWIURPRWKHUFDSULGVWREH%3+3'
%3DQGWKH³7XUOLNH´VSOLWIURPWKH:HVW&DXFDVXV7XUWREH%3
+3'%37DEOH67KRXJKWKLV³7XUOLNH´ZKROHPLWRFKRQGULDOFODGHKDVQRW


EHHQSUHYLRXVO\UHSRUWHGWKHUHLVDVSDUVLW\RIZKROHPLWRFKRQGULDOVHTXHQFHVIURPEH]RDUDQG
RWKHUZLOGFDSULGVWKDWOLPLWVZKDWFDQEHLQIHUUHG$GGLWLRQDOO\ZKROHJHQRPHVHTXHQFHVIURP
WKHVHZLOGFDSULGVDUHUHTXLUHGWRIXUWKHULQYHVWLJDWHKRZ&DSUD GLVWULEXWLRQVPD\KDYHFKDQJHG
WKURXJKWLPHWRDYRLGLQIHUHQFHEDVHGVROHO\RQVLQJOHORFXVGDWD


$029$
3DUWLWLRQLQJRIJHQHWLFGLYHUVLW\ZDVFDOFXODWHGXVLQJ$UOHTXLQY3RSXODWLRQVDQG*URXSV
ZHUHGHILQHGDVLQ7DEOH60D[LPXPPLVVLQJGDWDSHUVLWHZDVVHWDW6LJQLILFDQFHRI
YDULDQFHFRPSRQHQWVDQG)L[DWLRQ,QGLFHVZHUHFRPSXWHGXVLQJSHUPXWDWLRQV3DUWLWLRQLQJRI
YDULDQFHDUHVKRZQLQ7DEOH6


9DULDQW&DOOLQJ
$OOPRGHUQJRDWVDPSOHVDQGDQFLHQWVDPSOHVZLWKDYHUDJHFRYHUDJH!;ZHUHLQFOXGHGLQD
³KLJKFRQILGHQFH´YDULDQWFDOOVHW6DPWRROVPSLOHXSZDVXVHGWRFDOOYDULDQWV&T
4V2XW63$',1)2$'$')$'5'3,1)2'35DQGEFIWRROVWRJHQHUDWHYFI
ILOHVYP2]I*4*33URWHLQFRGLQJUHJLRQVDQGUHSHDWUHJLRQVDVGHILQHGE\WKH*HQEDQN
DQQRWDWLRQDQG5HSHDW0DVNHUILOHVZHUHQRWFDOOHG$QDGGLWLRQDONEZDVDGGHGWRERWK
VLGHVRISURWHLQFRGLQJUHJLRQVDQGQRWFDOOHG,QGHOVDQGDQ\YDULDQWVZLWKLQESRIWKHPZHUH
UHPRYHGXVLQJEFIWRROVILOWHU7ULDQGTXDGDOOHOLFVLWHVZHUHUHPRYHG)RUHDFKYDULDQWV
LQGLYLGXDOVZHUHPDUNHGDVPLVVLQJ³´LIFRYHUDJHDWWKDWVLWHZDVEHORZRUWZLFHWKHPHDQ
FRYHUDJHRULI63VWUDQGELDVZDVDERYH+HWHUR]\JRXVYDULDQWVSUHVHQWLQDVLQJOHLQGLYLGXDO
RUPRUHWKDQRILQGLYLGXDOVZHUHUHPRYHG9DULDQWSRVLWLRQVZLWKPLVVLQJGDWDLQDQ\
LQGLYLGXDOZHUHWKHQUHPRYHGUHVXOWLQJLQDGDWDVHWRIVLWHV)LQDOO\/'SUXQLQJZDV
SHUIRUPHGXVLQJ3/,1.YZLWKWKHVHWWLQJVLQGHSSDLUZLVH7KHILQDOQXPEHU
RI613VLQWKLVFDOOVHWZDV

)RUDOORWKHUDQFLHQWVDPSOHVWKH³KLJKFRQILGHQFH´VLWHVGHILQHGDERYHZHUHFDOOHG7KHVDPH
LQLWLDOVLWHVZHUHFDOOHGXVLQJVDPWRROVPSLOHXSZLWKWKHVDPHRSWLRQVH[FHSWZLWKRXW
UHFDOLEUDWLRQ³VDPWRROVPSLOHXS%´DQGZLWKRXWILOWHULQJIRUYDULDQWVLWHVZLWKEFIWRROV
$IWHULQGHOVDQGVLWHVZLWKLQESRILQGHOVZHUHUHPRYHGWKHYDULDQWSRVLWLRQVRIWKH³KLJK
FRQILGHQFH´VHWZHUHH[WUDFWHG7ULDQGTXDGDOOHOLFVLWHVZHUHUHPRYHG)RUVDPSOHVZLWK!;
PHDQFRYHUDJHVLWHVZHUHVHWWRPLVVLQJDVDERYHUHDGV!WZLFHPHDQFRYHUDJH!63)RU
VDPSOHVZLWKOHVVWKDQ;QRPLQLPXPFRYHUDJHILOWHUZDVLPSRVHGDQGDPD[LPXPRIUHDG
FRYHUDJHSHUVLWHZDVSHUPLWWHG,QGLYLGXDOVZHUHWKHQSVHXGRGLSORLGL]HGE\UDQGRPO\VDPSOLQJD
UHDGDWHDFKVLWHDQGVHWWLQJWKDWLQGLYLGXDODVKRPR]\JRXVIRUWKDWDOOHOH7KLVFDOOVHWZDVWKHQ
PHUJHGZLWKWKH³+LJK&RYHUDJH$QFLHQWVDQG0RGHUQV´VHWWRFUHDWHD³/RZ&RYHUDJH$QFLHQWV
DQG+LJK&RYHUDJH´GDWDVHW

)RUDXWRVRPDOPRGHOOLQJDFDOOVHWXVLQJDQFLHQWLQGLYLGXDOVRQO\ZDVJHQHUDWHG6DPSOHVIURP
$QDWROLDWKH%DONDQV,UDQDQG*HRUJLDZLWKFRYHUDJH!;ZHUHLQFOXGHG7KHVDPHFDOOLQJ
SLSHOLQHZDVXVHGH[FHSWWKDWWKHVDPWRROVPSLOHXSUHFDOLEUDWLRQRSWLRQZDVGLVDEOHG%
0RUHRYHUVLWHVZHUHDOVRILOWHUHGIRUOLQNDJHGLVHTXLOLEULXPDQGRQO\YDULDQWVDWOHDVWNEDSDUW
ZHUHUHWDLQHG7KHILQDOFDOOVHWZDVFRPSRVHGRIYDULDQWVZKLFKZHUHSVHXGRGLSORLGL]HG
E\UDQGRPUHDGVDPSOLQJ




0ROHFXODU6H[,GHQWLILFDWLRQ
'XHWRWKHDEVHQFHRIDFRPSOHWH<FKURPRVRPHLQ&+,5BPROHFXODUVH[ZDVGHWHUPLQHG
XVLQJWKHUHODWLRQVKLSEHWZHHQWKHQXPEHURIUHDGVDOLJQHGWRHDFKFKURPRVRPHYHUVXVWKHOHQJWK
RIWKDWFKURPRVRPH7KHUDWLRRIUHDGVDOLJQHGWRWKH;FKURPRVRPHDQGWKHOHQJWKRIWKDW
FKURPRVRPHZHUHWKHQXVHGWRHVWLPDWHWKHVH[RIHDFKVDPSOH7KHUDWLRIRUWKH;FKURPRVRPH
ZDVWKHQDGGHGWRWKHSORWDQGH[DPLQHGWRGHWHUPLQHWKHPROHFXODUVH[RIWKHLQGLYLGXDO7DEOH
6


5HPRYDORILQGLYLGXDOVGXHWRUHODWHGQHVV
'XHWRWKHFRPSOH[LW\RI]RRDUFKDHRORJ\DVVHPEODJHVVDPSOHVZHUHVFUHHQHGIRUUHODWHGQHVVRULI
WKH\ZHUHWKHVDPHLQGLYLGXDO6DPSOHVZKLFKZHUHIURPSHWURXVERQHVRIRSSRVLWHRULHQWDWLRQV
OHIWDQGULJKWDQGKDGWKHVDPHPLWRFKRQGULDOVHTXHQFHDQGPROHFXODUVH[ZHUHLGHQWLILHG$OO
LQGLYLGXDOVZHUHWKHQDVVHVVHGXVLQJOF0/NLQ7DEOH6)RXUSDLUVRILQGLYLGXDOVKDGD
SL+$7!DQGPHWWKHRWKHUFULWHULD'LUHNOLDQG'LUHNOL$]HUDQG$]HU6HPQDQDQG
6HPQDQ7KHVHLQGLYLGXDOVZHUHFRPELQHGDQGFRQVLGHUHGDVLQJOHLQGLYLGXDO$IRXUWKSDLURI
VDPSOHV%XODNDQG%XODNPHWWKHVHFULWHULDEXWZHUHIURPSHWURXVERQHVRIWKHVDPH
RULHQWDWLRQ2QHRIWKHVHVDPSOHV%XODNZDVUHPRYHGIURPVXEVHTXHQWDQDO\VHV

$ILQDOSDLURIVDPSOHVZHUHLGHQWLILHGDVKDYLQJPHWWKHFULWHULDDERYH)DUVDQG)DUVEXWGXH
WRORZHQGRJHQRXV'1$GLGQRWKDYHVXIILFLHQWFRYHUDJHWRHVWLPDWHSL+$77KHVHVDPSOHVZHUH
DOVRFRPELQHGLQWRDVLQJOHLQGLYLGXDO)DUV


$XWRVRPDO0XWDWLRQ5DWH(VWLPDWLRQ
7RHVWLPDWHWKHJRDWDXWRVRPDOPXWDWLRQUDWHZHIROORZHGWKH³)$_%´PHWKRGGHVFULEHGLQ
%ULHIO\KHWHUR]\JRXVSRVLWLRQVLQPRGHUQLQGLYLGXDO³%´DUHLGHQWLILHGDQGWKH
SURSRUWLRQRIWLPHVWKHGHULYHGDOOHOHLVUDQGRPO\VDPSOHGLQDQDQFLHQWLQGLYLGXDO³$´DWWKRVH
SRVLWLRQVLVUHFRUGHG)$_%:HVHOHFWHGWKH1HROLWKLF6HUELDQ%ODJRWLQDVWKHDQFLHQW
LQGLYLGXDO³$´DQGWKHPRGHUQ2OG,ULVK*RDW,2*DVLQGLYLGXDO³%´

7RFRQWUROIRUJHQHWLFGULIWLQWKHOLQHDJHVSHFLILFWR³%´DFDOLEUDWLRQFXUYHZDVFRQVWUXFWHGXVLQJ
360& WRHVWLPDWHSDVWSRSXODWLRQGHPRJUDSK\6LWHVLQ,2*ZHUHQRWFRQVLGHUHGLI
FRYHUDJHZDVOHVVWKDQRQHWKLUGWKHPHDQFRYHUDJHRUPRUHWKDQWZLFHWKHPHDQFRYHUDJH360&
ZDVSHUIRUPHGRQ,2*XVLQJWKHIROORZLQJVHWWLQJV1WUS

PV+27OLWH
ZDVXVHGWRVLPXODWHPERIVHTXHQFHGDWDXQGHUWKHHVWLPDWHGGHPRJUDSK\ZKLOH
YDU\LQJWKHPXWDWLRQUDWHDQGGLYHUJHQFHWLPHRI$DQG%PHDVXUHGLQJHQHUDWLRQV7KH)$_%
UDWLRIRUHDFKVLPXODWLRQDQGEODJRWLQZDVWKHQHVWLPDWHGXVLQJ32367$76
KWWSVJLWKXEFRPSRQWXVVNSRSVWDWVDQGFDOLEUDWLRQFXUYHVZHUHFRQVWUXFWHGXVLQJWKHJJSORW
IXQFWLRQJHRPBVPRRWK)LJXUH6$VWKHFXUYHRI[SHUVLWHSHUJHQHUDWLRQ
[SHUVLWHSHU\HDUXVLQJDJHQHUDWLRQWLPHRI\HDUVRYHUODSSHGZLWKWKHREVHUYHG
)$_%UDWLRDWWKHUDGLRFDUERQDJHRI%ODJRWLQ7DEOH6ZHXVHGWKLVDVRXUPXWDWLRQUDWH
HVWLPDWH:HQRWHWKDWWKLVYDOXHLVKLJKHUWKDQWKHFDQLQHPXWDWLRQUDWHHVWLPDWHGLQ7KHUH
DUHVHYHUDOSRVVLEOHH[SODQDWLRQVIRUWKLV7KHFDOOVHWXVHGKHUHWRHVWLPDWH)$_%LVQRQFRGLQJ


RQO\UDWKHUWKDQFRGLQJDQGQRQFRGLQJ7KH)UHHGPDQFDOOVHWDOVRUHPRYHG&S*VLWHV
ZKLFKZHUHQRWUHPRYHGLQRXUSLSHOLQH$V86(5WUHDWPHQWGRHVQRWUHGXFHGDPDJHDW
PHWK\ODWHG&S*VLWHVWKLVDORQJZLWKWKHLQIODWHGPXWDWLRQUDWHDW&S*VLWHVPD\
SDUWLDOO\H[SODLQWKHLQFUHDVHGJOREDOPXWDWLRQUDWHREVHUYHGKHUH


/$6(53ULQFLSDO&RPSRQHQW$QDO\VLV3&$
7RPD[LPL]HWKHXVHRIGDWDJHQHUDWHGIURPYHU\ORZFRYHUDJHVDPSOHV;SURMHFWLRQXVLQJ
3URFUXVWHVDQDO\VLVZDVSHUIRUPHGXVLQJ/$6(53&$UHIHUHQFHVSDFHDQGSURMHFWLRQ
WUDQVIRUPDWLRQZHUHFRQVWUXFWHGXVLQJWKH+LJK&RYHUDJH$QFLHQWVDQG0RGHUQVGDWDVHW$OORWKHU
VDPSOHVZHUHWKHQSURMHFWHGRQWRWKH3&$VSDFHDQGWKHQILOWHUHGIRULQGLYLGXDOVFRYHUHGE\OHVV
WKDQORFL7RUHGXFHWKHHIIHFWRIVLPXODWLRQVWRFKDVWLFLW\WHQUHSHWLWLRQVZHUHSHUIRUPHGDQG
WKHPHDQYDOXHRIVDPSOHFRRUGLQDWHVXVHGLQSORWWLQJ2WKHUVHWWLQJVZHUHOHIWDWGHIDXOW

7KHSORWRI3&YV3&)LJ6VKRZVWKDW3&GLIIHUHQWLDWHVPRGHUQDQGDQFLHQWZLOGEH]RDU
IURPPRGHUQDQGDQFLHQWGRPHVWLFV%H]RDUIURP$]HUEDLMDQDQG,UDQLDQ$]HUEDLMDQIDOOLQJRQWKH
PRVWH[WUHPHHQGRI3&$VWKHVHUHSUHVHQWRIWKHJHQRPHVXVHGWRFRPSXWHWKHUHIHUHQFH
3&VVDPSOLQJELDVPD\H[SODLQWKHLUSORWORFDWLRQ'RPHVWLFDWHVVKRZVVRPHVPDOOYDULDWLRQRQ
3&ZLWKPRGHUQ$IULFDQDQG(XURSHDQVDPSOHVIDOOLQJVRPHZKDWDSDUWIURPRWKHUVDPSOHV3&
GLIIHUHQWLDWHVGRPHVWLFHDVW$VLDQDQGZHVW(XURSHDQVDPSOHVEH]RDUIURP+DPHGDQZHVW,UDQ
IDOORQRQHH[WUHPHRI3&ZLWKPRGHUQ(XURSHDQVIDOOLQJRQWKHRWKHUH[WUHPH:LWKLQWKH
GRPHVWLFJURXS1HROLWKLF:HVWZHVWHUQ$QDWROLDDQGVRXWKHDVW(XURSHJURXSDSDUWIURP
1HROLWKLF(DVW,UDQDQG7XUNPHQLVWDQ$%URQ]H$JHVDPSOHIURP3RWWHUQH%ULWDLQJURXSV
FORVHO\ZLWKDPRGHUQ,ULVK2OG*RDWDQG1HROLWKLFVDPSOHVIURP%ODJRWLQ6HUELD:LWKLQWKH
HDVWHUQJURXSDVKLIWLVREVHUYHGIROORZLQJWKH1HROLWKLFZLWKSRVW1HROLWKLFDQFLHQWVIDOOLQJ
EHWZHHQPRGHUQVDPSOHIURP,UDQ7KHUHIHUHQFHLQGLYLGXDOIURP&KLQD&+,5BFOXVWHUVZLWK
WKLVHDVWHUQJURXS6DPSOHVIURP%URQ]H$JH$QDWROLD$FHPK|\NDQGSRVW1HROLWKLF/HYDQW
DUHIRXQGEHWZHHQ1HROLWKLF:HVW/HYDQWDQGSRVW1HROLWKLFPRGHUQHDVWHUQVDPSOHV0RGHUQ
VDPSOHVIURP0RURFFRDQG7RJRJURXSEHWZHHQWKLVSRVW1HROLWKLF/HYDQW%URQ]H$JH$QDWROLD
FOXVWHUDQGWKH1HROLWKLF:HVW/HYDQWFOXVWHU2WKHUEH]RDUVKRZVRPHYDULDWLRQDORQJWKLVD[LV

$VFHUWDLQEH]RDUSRSXODWLRQVDSSHDUHGWRGRPLQDWHWKH3ULQFLSDO&RPSRQHQWV/$6(5ZDV
UHSHDWHGZLWKPRGHUQEH]RDUUHPRYHGDQG3&VDQGSORWWHG)LJXUH6$FORVHUH[DPLQDWLRQ
RIGRPHVWLFDWHVWUXFWXUHLVREWDLQHGZKHQPRGHUQEH]RDUDUHUHPRYHGIURPWKHDQDO\VLV
Ɣ (DVWHUQDQGZHVWHUQ1HROLWKLFVJURXSDWRSSRVLWHHQGVRI3&
Ɣ 3&GLIIHUHQWLDWHVZLWKLQ(DVWDQG:HVWDQGDOVR$IULFDQVDPSOHVIURP(DVWDQG:HVW
Ɣ 1HROLWKLF/HYDQWIDOOVEHWZHHQ1HROLWKLF:HVWDQGPRGHUQ$IULFDQV
Ɣ %URQ]H$JH$QDWROLDVDPSOHVFOXVWHUEHVLGHWKH3RVW1HROLWKLFDQGPRGHUQ(DVWZLWKWZR
1HROLWKLFVDPSOHVIURPZHVWHUQ$QDWROLD$3DQG$3EHLQJWKHFORVHVW:HVWHUQ
VDPSOHV
Ɣ 3RVW1HROLWKLF/HYDQWVDPSOHVIDOOEHWZHHQ(DVWHUQDQG$IULFDQVDPSOHVFORVHWR%URQ]H
$JH$QDWROLDVKRZLQJD³(DVWHUQ´VKLIWUHODWLYHWR1HROLWKLFVDPSOHV
Ɣ (DVWHUQ1HROLWKLFLQGLYLGXDOVIDOODZD\IURPSRVW1HROLWKLFHDVWHUQFORVHUWR%URQ]H$JH
$QDWROLDQDQGZHVWHUQVDPSOHV



$QFLHQWGLSORLG1HROLWKLFJHQRPHVXVHGLQWKHUHIHUHQFHVSDFHFDOFXODWLRQ%ODJRWLQ6HPQDQ
DQG'LUHNOLRFFXS\WKHH[WUHPHSRVLWLRQVLQWKH3&$1HROLWKLFVDPSOHVIURPZHVWHUQ,UDQ
/XUDQG)DUVVKRZJUHDWHUDIILQLW\WRSRVW1HROLWKLFVDPSOHVWKDQWKRVHIURP1HROLWKLF
HDVWHUQ,UDQDQG7XUNPHQLVWDQEXWGRQRWDSSHDUEHDGPL[HGZLWKDZHVWHUQVRXUFH7DEOH6

$VVHYHUDOORZFRYHUDJHVDPSOHVZHUHUHPRYHGGXHWRKDYLQJDQLQVXIILFLHQWQXPEHURIORFL
FRYHUHGZHUHSHDWHGWKH/$6(5SURFHVVXVLQJWKH+LJK&RYHUDJH$QFLHQWVDQG0RGHUQVSULRUWR
/'SUXQLQJXVLQJDPLQLPXPRI613VXVLQJEURDGOHYHOJURXSLQJ)LJXUHDQGPRUH
JUDQXODUJURXSLQJVDQGLQGLYLGXDOODEHOV)LJXUH6VHH7DEOH6IRUDQFLHQWJURXSLQJV)RU
VDPSOHVZLWKJUHDWHUWKDQRQHPLOOLRQ613VFRYHUHGE\GHIDXOW/$6(5UDQGRPO\GRZQVDPSOHVWR
RQHPLOOLRQ613VVRPHZKDWDFFRXQWLQJIRU/'7KHSORWRI3&YV3&IRUWKH
PRGHUQEH]RDUUHPRYHGSUXQHGGDWDVHWZDVLQVSHFWHG)LJXUHV6DQGZHUHLQFORVHDJUHHPHQW
,QSDUWLFXODUWKLVUHFRYHUHGVHYHUDODGGLWLRQDOVDPSOHVIURPSRVW1HROLWKLF/HYDQWZKLFKIHOOLQ
WKHVDPHUHJLRQDVWKHSUHYLRXV3&$VEHWZHHQPRGHUQ$IULFD1HROLWKLF/HYDQW%URQ]H$JH
$QDWROLDDQGHDVWHUQVDPSOHV


3RSXODWLRQDQDO\VHVXVLQJ$1*6'
'XHWRWKHKLJKSURSRUWLRQRIORZFRYHUDJH;PHDQFRYHUDJHJHQRPHVLQRXUGDWDVHWZHXVHG
DJHQRW\SHOLNHOLKRRGIUDPHZRUNLQ$1*6'WRDYRLGH[SOLFLWJHQRW\SHFDOOV)RUDOO
DQDO\VHVXVLQJ$1*6'WKHIROORZLQJVHWWLQJVZHUHXVHG
PLQ4PLQ0DS4VNLS7ULDOOHOLF7KLVUHVXOWVLQ$1*6'LJQRULQJEDVHVZLWKUHDGTXDOLW\
OHVVWKDQUHDGVZLWKPDSSLQJTXDOLW\OHVVWKDQDQGWULDOOHOLFVLWHV$QDO\VHVZHUHUHVWULFWHG
WRWKHDXWRVRPHV<DNZDVXVHGWRGHILQHWKHDQFHVWUDODOOHOH)RU$1*6'DQDO\VHVLQYROYLQJ
PRGHUQSRSXODWLRQVWKHVHZHUHVXEVDPSOHGUDQGRPO\WRWHQLQGLYLGXDOVVHH7DEOH6

7RJHQHUDWHWKHDQFHVWUDOVHTXHQFHVUHDGVXVHGWRJHQHUDWH%RV*UXBYDYDLODEOHDW
KWWSVZZZQFELQOPQLKJRYDVVHPEO\*&)BZHUHDOLJQHGWR&+,5BDV
SHUIRUPRGHUQSDLUHQGDOLJQPHQWSLSHOLQH&RQVHQVXVVHTXHQFHVZHUHJHQHUDWHGXVLQJWKH
$1*6' GR)DVWDRSWLRQXVLQJWKHIROORZLQJRSWLRQVPLQ4PLQ0DS4VHW0LQ'HSWK
VHW0D['HSWK<DNZDVVHOHFWHGDVWKHRXWJURXSGXHWRWKHSRVVLELOLW\RIK\EULGL]DWLRQDQG
DQFHVWUDODGPL[WXUHEHWZHHQVKHHSDQGJRDW


,GHQWLW\%\6WDWH,%6
$VDQDOWHUQDWLYHDSSURDFKWRYLVXDOO\DVVHVVLQJKRZDQFLHQWDQGPRGHUQGRPHVWLFJRDWDQGEH]RDU
UHODWHWRRQHDQRWKHUZHFRQVWUXFWHGDQ,GHQWLW\%\6WDWHPDWUL[XVLQJ$1*6'XVLQJ
PRGHUQDQGDQFLHQWVDPSOHVZLWK!;PHDQFRYHUDJH7KHPD[LPXPPLVVLQJLQGLYLGXDOVSHU
VLWHZDVVHWDVKDOIWKHQXPEHURILQGLYLGXDOVLQWKHDQDO\VLVURXQGHGXS7KHIROORZLQJVHWWLQJV
ZHUHXVHGLQ,%6FDOFXODWLRQPLQ)UHT*/

$QXQURRWHGQHLJKERUMRLQLQJWUHHZDVFRQVWUXFWHGXVLQJWKH5SDFNDJHDSH)LJXUH6
7KHWUHHZHUHDHVWKHWLFDOO\PRGLILHGXVLQJ)LJWUHHEUDQFKHVFRORXUHGEDVHGRQORFDWLRQDQG
WLPHSHULRGDQGURRWHGRQ<DN

7KHWRSRORJ\RIWKLVWUHHLVGHVFULEHGEHORZ


Ɣ %H]RDUPRGHUQRUDQFLHQWVDUHRXWJURXSVWRGRPHVWLFJRDW+RYNDQ$UPHQLDQZLOG
JRDWDWOHDVW\HDUVROG7DEOH6LVQRWDQRXWJURXSWRDOOEH]RDUVXJJHVWLQJ
VWUXFWXUHZLWKLQEH]RDUWREHDWOHDVWSUH/DVW*ODFLDO0D[LPXP
Ɣ 7KHPDMRUVSOLWZLWKLQGRPHVWLFJRDWLVEHWZHHQ(DVWHUQ,UDQ7XUNPHQLVWDQ8]EHNLVWDQ
DQG&KLQHVHDQG:HVWHUQ/HYDQW$IULFD(XURSH$QDWROLD,VUDHO-RUGDQ0RURFFR
7RJR0RGHUQ,UDQLDQVDUHSODFHGDVDQRXWJURXSWRDOORWKHUGRPHVWLFVKRZHYHURWKHU
DQDO\VHV3&$7UHHPL[GRQRWVXSSRUWWKLVSODFHPHQW
Ɣ 1HROLWKLF,UDQLDQVDPSOHVEUDQFKWRJHWKHUZLWKWKHH[FHSWLRQRI)DUVZKLFKJURXSV
ZLWK&KDOFROLWKLFDQG%URQ]H$JH,UDQLDQJRDW

7KRXJK,%6DQDO\VHVKDYHOLPLWDWLRQVWKHSULPDU\GLYLVLRQVDQGJHQHWLFDIILQLWLHVVXPPDUL]HGE\
WKH,%6DUHVXSSRUWHGE\VXEVHTXHQWDQDO\VHV


' VWDWLVWLF$%%$%$%$WHVW
7RLQYHVWLJDWHSRSXODWLRQUHODWHGQHVVDQGWRWHVWIRUDGPL[WXUHEHWZHHQSRSXODWLRQVWKH' VWDWLVWLF
ZDVFDOFXODWHGDWDJURXSOHYHOWREHWWHUH[SORLWORZFRYHUDJHGDWD6DPSOHVZHUH
JURXSHGEDVHGRQ7DEOH6IRUDQFLHQWLQGLYLGXDOVDQG7DEOH6IRUPRGHUQ7UDQVLWLRQVZHUH
LJQRUHGLQWKHDQDO\VLVWRUHGXFHWKHHIIHFWRIUHVLGXDO'1$GDPDJHRQFDOFXODWLRQV5HVXOWVRI
WHVWVSHUIRUPHGDUHSUHVHQWHGLQ7DEOH6$=VFRUHRILVWDNHQWREHVLJQLILFDQW3RVLWLYH'=
VFRUHVLQGLFDWHVJUHDWHUGHULYHGDOOHOHVKDULQJZLWK+DQG+WKDQ+DQG+XVLQJWKHWHVW
'+++<DNZKLOHQHJDWLYHVFRUHVLQGLFDWHWKHRSSRVLWH

7RDGGUHVVDGPL[WXUHEHWZHHQHDVWHUQDQGZHVWHUQSRSXODWLRQVZHFDOFXODWHG'+++
<DNZKHUH+DQG+DUHHLWKHU1HROLWKLF:HVWRU1HROLWKLF(DVWDQG7HVWLVD3RVW1HROLWKLF
SRSXODWLRQ:HREWDLQDQRQVLJQLILFDQWUHVXOW= IRUWKHWHVW'1HROLWKLF(DVW&KDOFROLWKLF
,UDQ1HROLWKLF:HVW<DNDQGVLPLODUO\IRU&KDOFROLWKLF7XUNPHQLVWDQ= 6LJQLILFDQWUHVXOWV
DUHREWDLQHGIRU%URQ]H$JH,UDQ= %URQ]H$JH8]EHNLVWDQ= 0HGLHYDO,UDQ
= DQGPRGHUQ,UDQ= *RDWIURPWKH&DXFDVXV1RUWK,UDQUHJLRQ6RKD&KDL
$]HUEDLMDQDSSHDUDGPL[HGDVHDUO\DVWKH&KDOFROLWKLF= DQGUHPDLQVRXSXQWLO,URQ$JH
DQG0HGLHYDOWLPHV= %URQ]H$JH$QDWROLDDSSHDUDGPL[HGZLWKD1HROLWKLF(DVWUHODWHG
SRSXODWLRQEDVHGRQWKHWHVW'1HROLWKLF:HVW%URQ]H$JH$QDWROLD1HROLWKLF(DVW<DN
= 

3&$DQDO\VLV)LJXUHVXJJHVWWKDWJRDWIURP/HYDQWXQGHUJRDFKDQJHLQJHQHWLFPDNHXS
IROORZLQJWKH1HROLWKLFVKRZLQJJUHDWHUDIILQLW\WR(DVWHUQSRSXODWLRQV:HWHVWWKLVLQWKHIRUPRI
'1HROLWKLF/HYDQW7HVW1HROLWKLF(DVW<DN&KDOFROLWKLF,UDQGRHVQRWKDYHDVLJQLILFDQWH[FHVV
RI1HROLWKLF(DVWGHULYHGDOOHOHVUHODWLYHWR1HROLWKLF/HYDQW= EXWZLWKDWRWDORIRQO\a
$%%$%$%$VLWHVZHKDYHOLWWOHSRZHUXVLQJWKLVFRPELQDWLRQRIVDPSOHV7KHWHVW'1HROLWKLF
/HYDQW%URQ]H$JH/HYDQW1HROLWKLF(DVW<DNJLYHVDSRVLWLYHVFRUH= LQGLFDWLQJDQ
LQFUHDVHLQ,UDQLDQ,UDQLDQOLNHDQFHVWU\LQ/HYDQWLQHJRDWE\WKH%URQ]H$JH

:HDOVRLQYHVWLJDWHGLIDQFLHQWZLOGJRDWIURP$QDWROLDFRQWULEXWHGDQFHVWU\WRDQ\1HROLWKLF
SRSXODWLRQ7KHWHVW'1HROLWKLF(DVW+$QDWROLDQ$QFLHQW:LOG<DNJLYHVDVLJQLILFDQW
SRVLWLYHUHVXOWZKHQ+LVHLWKHU1HROLWKLF:HVW= RU1HROLWKLF/HYDQW= LQGLFDWLQJ
JUHDWHUDOOHOHVKDULQJEHWZHHQ$QDWROLDQ$QFLHQW:LOGVZLWKWKHVHWZRSRSXODWLRQVFRPSDUHGWR


HDVWHUQ1HROLWKLFJHQRPHV7KLVVXJJHVWVGLIIHUHQWLDOLQSXWIURPZLOGEH]RDUSRSXODWLRQVLQWRWKH
DQFHVWRUVRIJRDWIURPGLIIHUHQWUHJLRQLQWKLVFDVHIURPZLOG$QDWROLDQJRDWLQWRWKHDQFHVWRUVRI
1HROLWKLFJRDWLQZHVWHUQ$QDWROLDDQG6RXWK(DVW(XURSH


7UHH0L[
7UHH0L[ZDVXVHGWRFRQVWUXFWDPRGHORISRSXODWLRQVSOLWVDQGDGPL[WXUHHYHQWVEDVHGRQ
WKH+LJK&RYHUDJH$QFLHQWVDQG0RGHUQVGDWDVHWZLWK&+,5BUHPRYHGGXHLWLWEHLQJWKH
UHIHUHQFHLQGLYLGXDO6DPSOHVZHUHJURXSHGEDVHGRQ7DEOH6IRUDQFLHQWLQGLYLGXDOVDQG7DEOH
6IRUPRGHUQ0LJUDWLRQHYHQWVZHUHYDULHGIURPWR7KHIROORZLQJVHWWLQJVZHUHXVHGURRW
<DNNQRVV%RRWVWUDSSLQJZDVSHUIRUPHGXVLQJEORFNVRIFRQWLJXRXV613VDQG
UHSHDWHGIRULWHUDWLRQVDQGDFRQVHQVXVWUHHJHQHUDWHGXVLQJ3+</,3YHUVLRQ7KH
UHVXOWLQJFRQVHQVXVWUHHPRGHODQGPLJUDWLRQHYHQWVDUHVKRZQLQ)LJXUH6&RQILGHQFHRIQRGHV
LVJLYHQDVWKHSURSRUWLRQRIERRWVWUDSLWHUDWLRQVVXSSRUWLQJWKDWJURXSLQJZKHQWKDWSURSRUWLRQ
ZDVQRWRQH

8QGHUDPRGHORIQRPLJUDWLRQHGJHVEH]RDUDUHPRGHOOHGDVDQRXWJURXSWRDOOGRPHVWLFJRDW
:LWKLQGRPHVWLFV1HROLWKLF(DVWILUVWEUDQFKHVRXWIROORZHGE\%URQ]H$JH$QDWROLDDQGPRGHUQ
,UDQLDQGRPHVWLFVDVDFODGH$IULFDQJRDWIRUPDVLVWHUFODGHWR(XURSHDQPRGHUQDQGDQFLHQWV$
PRGHORIDVLQJOHPLJUDWLRQHGJHLVUHVXOWVLQDQDGPL[WXUHHYHQWIURP$QFLHQW$QDWROLDQ:LOGVWR
WKHFRPPRQQRGHRIPRGHUQDQGDQFLHQW(XURSHDQJRDWLQOLQHZLWK' VWDWLVWLFV$VHFRQG
PLJUDWLRQHGJHLVPRGHOOHGDVDQDGPL[WXUHHYHQWIURP1HROLWKLF(DVWLQWRPRGHUQ,UDQLDQ
'RPHVWLFVVXJJHVWLQJWKDWWKHELIXUFDWLQJWUHHPRGHOLVQRWVXIILFLHQWWRH[SODLQKRZWKHWZR
SRSXODWLRQVUHODWHWRHDFKRWKHU:KHQWKUHHPLJUDWLRQHYHQWVDUHPRGHOOHGDQDGGLWLRQDO
PLJUDWLRQHGJHIURP$QFLHQW$QDWROLDQ:LOGWR1HROLWKLF:HVWVXJJHVWVWKDWGLIIHUHQWPRGHUQDQG
DQFLHQWJRDWSRSXODWLRQVKDYHGLIIHULQJGHJUHHVRI$QFLHQW$QDWROLDQ:LOGDQFHVWU\7KHODUJHU
DPRXQWRIVKDUHGDQFHVWU\REVHUYHGLQWKH1HROLWKLF:HVWSRSXODWLRQWKDQWKHPRGHUQ(XURSHDQ
JRDWSRSXODWLRQLPSOLHVWKDWWKH1HROLWKLF:HVWSRSXODWLRQUHSUHVHQWHGKHUHE\DVLQJOHJHQRPH
%ODJRWLQDORQHLVLQVXIILFLHQWWRH[SODLQPRGHUQ(XURSHDQDQFHVWU\0LJUDWLRQHGJHVILYHDQGVL[
DUHPRGHOOHGDVDGPL[WXUHZLWKLQ$IULFDIURP7RJROHVHJRDWWR0RURFFDQVDQGEHWZHHQZLOGJRDW
SRSXODWLRQVIURPDSRSXODWLRQUHODWHGWR+DPHGDQEH]RDUWR4D]YLQEH]RDUVXJJHVWLQJWKDW
JHQHWLFH[FKDQJHEHWZHHQGRPHVWLFSRSXODWLRQVDQGEHWZHHQZLOGSRSXODWLRQVKDVRFFXUUHGLQ
DGGLWLRQWRZLOGGRPHVWLFDGPL[WXUH


0RGHOEDVHGDQFHVWU\HVWLPDWLRQXVLQJ*HQRW\SH/LNHOLKRRGV1*6DGPL[
1*6DGPL[ZDVXVHGWRHVWLPDWHDQFHVWU\SURSRUWLRQVXVLQJJHQRW\SHOLNHOLKRRGV
1*6DGPL[LVPRUHDFFXUDWHLQHVWLPDWLRQDQFHVWUDOFRPSRQHQWVIURPGDWDVHWVFRQWDLQLQJERWKORZ
FRYHUDJHDQGYDULDEOHFRYHUDJHLQGLYLGXDOV7KHDQDO\VLVZDVUHSHDWHGXVLQJWZRVHWVRIVDPSOHV
D DOODQFLHQWVDPSOHVZLWKPHDQFRYHUDJH;DQGPRGHUQJHQRPHV
E DOODQFLHQWVDPSOHVZLWKPHDQFRYHUDJH;

7KHIROORZLQJVHWWLQJVZHUHXVHGIRUWKHDQDO\VLV*/GR*OIGR0DI613BSYDOHZLWK
PLQ,QGVHWWRKDOIWKHQXPEHURILQGLYLGXDOVLQWKHDQDO\VLVURXQGHGXS$IXUWKHUILOWHURI
PLQ0DIZDVXVHGLQWKHDQFHVWUDOFRPSRQHQWHVWLPDWLRQ.ZDVVHWWRIRUDOOUXQV$QFHVWU\


HVWLPDWLRQZDVUHSHDWHGDWRWDORIILIW\WLPHVDQGWKHLWHUDWLRQZLWKWKHKLJKHVWEHVWOLNHOLKRRG
UHWDLQHG

(VWLPDWLRQRIDQFHVWU\SURSRUWLRQVXVLQJGDWDVHWD)LJXUH6DUHVXOWHGLQ,UDQLDQEH]RDUEHLQJ
PRGHOOHGDVDEOXHDQFHVWUDOFRPSRQHQWDQGPRGHUQGRPHVWLFDWHVPRGHOOHGDVDVHFRQGUHG
FRPSRQHQW6RPHPRGHUQLQGLYLGXDOVHJPRGHUQ(XURSHDQVDUHPRGHOOHGDVKDYLQJDVPDOO
SURSRUWLRQRI³EH]RDU´DQFHVWU\$QFLHQWEH]RDUDUHPRGHOOHGDVEHLQJ!RIWKHUHG³EH]RDU´
FRPSRQHQW7KHUHPDLQLQJGRPHVWLFJRDWDUHPRGHOOHGDVSUHGRPLQDQWO\WKHUHG³GRPHVWLF´
FRPSRQHQWZLWKYDU\LQJORZOHYHOVRIWKH³EH]RDU´ZKLFKGHFOLQHVVOLJKWO\WKURXJKWLPH

8VLQJGDWDVHWESUHGRPHVWLFEH]RDUH[FOXGLQJ+RYN1HROLWKLFJRDWIURP6HUELDZHVWHUQ
$QDWROLDDQGWKH/HYDQWDQGDJRDWIURP%URQ]H$JH%ULWDLQDUHPRGHOOHGDVHQWLUHO\DUHG
FRPSRQHQW)LJXUH6E+RYNDQ$UPHQLDQVDPSOHDWOHDVWWKRXVDQG\HDUVROGLV
GHVFULEHGE\SUHGRPLQDQWO\WKHUHG³ZHVWHUQ´FRPSRQHQWZLWKVRPH³HDVWHUQ´FRPSRQHQWDQG
VXSSRUWVRWKHUDQDO\VHVVXJJHVWLQJDJUHDWHUDIILQLW\RIWKLVUHSUHVHQWDWLYHRIDSUH/DVW*ODFLDO
0D[LPXPSRSXODWLRQZLWK$QDWROLDQZLOGJRDWMXVWSULRUWRWKH+RORFHQH(DVWHUQ1HROLWKLF
VDPSOHVDQGWKHPDMRULW\RIWKRVHIURPSRVW1HROLWKLFFRQWH[WVDUHPRGHOOHGDVDVLQJOHEOXH
FRPSRQHQW$VXEVHWRISRVW1HROLWKLFHDVWHUQVDPSOHVDUHPRGHOOHGDVDPL[WXUHRIERWKWKHEOXH
³HDVWHUQ´DQGUHG³ZHVWHUQ´FRPSRQHQWVLQFOXGLQJVDPSOHVIURPWKH&DXFDVXVUHJLRQ*HRUJLD
,UDQLDQ$]HUEDLMDQ%URQ]H$JH7HSH&KL]DU4D]YLQ3URYLQFH,UDQ,QOLQHZLWK' VWDWLVWLFVWKH
&KDOFROLWKLFVDPSOHVIURP,UDQDQG7XUNPHQLVWDQGRQRWDSSHDUDGPL[HGZLWKWKHUHG³ZHVWHUQ´
FRPSRQHQW,QFRQWUDVW%URQ]H$JHJRDWIURP7LOOD%XODN8]EHNLVWDQDOVRGRQRWVKRZ
DGPL[WXUHLQFRQIOLFWZLWK'VWDWLVWLFUHVXOWV7DEOH66DPSOHVIURPµ$LQ*KD]DO1HROLWKLF
-RUGDQDUHPRGHOOHGDVHQWLUHO\WKHUHG³ZHVWHUQ´FRPSRQHQWZKLOH&KDOFROLWKLFDQG%URQ]H$JH
VDPSOHVIURPVHYHUDOVLWHVLQ,VUDHODUHPRGHOOHGDVDPL[WXUHRIERWKEXWSULPDULO\RIWKHEOXH
³HDVWHUQ´FRPSRQHQW


2XWJURXSI
7RLQYHVWLJDWHVKDUHGGULIWEHWZHHQ1HROLWKLFSRSXODWLRQVDQGRWKHUGRPHVWLFSRSXODWLRQV
RXWJURXSIVWDWLVWLFVZHUHFDOFXODWHGXVLQJ$'0,;722/6IYDOXHVZHUHGHWHUPLQHG
XVLQJWKH³/RZ&RYHUDJH$QFLHQWDQG+LJK&RYHUDJH´GDWDVHWXVLQJLQGLYLGXDOVZLWKJUHDWHUWKDQ
;PHDQFRYHUDJH7DEOH6FRPELQHGLQWRSRSXODWLRQVLQWKHIRUPRII;1HROLWKLF4D]YLQ
%H]RDUZKHUH;LVDSRSXODWLRQDVGHILQHGLQ7DEOH6IRUDQFLHQWLQGLYLGXDOVDQG7DEOH6IRU
PRGHUQ4D]YLQ%H]RDUZDVVHOHFWHGDVDQRXWJURXSGXHHTXDODIILQLW\EHWZHHQ1HROLWKLF(DVWDQG
1HROLWKLF:HVWPHDVXUHGE\WKH'VWDWLVWLF4D]YLQ%H]RDU1HROLWKLF(DVW1HROLWKLF:HVW= 
7DEOH66KDUHGGULIW7DEOH6RIHDFKSRSXODWLRQZDVSORWWHGRQDPDSPRGLILHGIURP
RIWKH1HDU(DVW)LJXUH6

3DWWHUQVRIVKDUHGGULIWZLWK1HROLWKLFSRSXODWLRQVVXSSRUWHGSUHYLRXV,%6)LJXUH6DQG3&$
)LJXUH66DQDO\VHVZKLFKVKRZDVWURQJGLYLGHEHWZHHQHDVWHUQDQGZHVWHUQ1HROLWKLF
SRSXODWLRQVDQGDUHODWLRQVKLSEHWZHHQZHVWHUQDQG/HYDQWLQH1HROLWKLFJRDW6KDUHGGULIWZLWK
1HROLWKLF:HVWLVKLJKHVWZLWK%URQ]H$JHDQGPRGHUQ(XURSHDQJRDWDQGDOVRKLJKZLWK
1HROLWKLF/HYDQWDQG0RGHUQ$IULFD6KDUHGGULIWEHWZHHQ/HYDQWLQHJRDWDQG1HROLWKLF:HVW
GHFUHDVHVZLWKWLPHZKLOHGULIWZLWK,UDQLDQSRSXODWLRQVLQFUHDVHVFORVHUWRWKHSUHVHQWGD\
1HROLWKLF/HYDQWVKRZVVLPLODUSDWWHUQVVKDUHGGULIWZLWKDJUHDWHUDPRXQWVKDUHGZLWK0RGHUQ


$IULFD1HROLWKLF,UDQVKRZVKLJKOHYHOVRIJHQHWLFDIILQLW\ZLWKSRVW1HROLWKLF,UDQLDQ&DXFDVXV
DQG&HQWUDO$VLDQSRSXODWLRQV$FKDQJHLQVKDUHGGULIWZLWK1HROLWKLF,UDQLVREVHUYHGLQWKH
/HYDQWORZJHQHWLFDIILQLW\ZLWK1HROLWKLF/HYDQWLVIROORZHGE\JUHDWHUDIILQLW\LQ&KDOFROLWKLF
DQG%URQ]H$JH/HYDQWLQHJRDWFRQVLVWHQWZLWK' VWDWLVWLFVDQG1*6DGPL[UHVXOWV)LJXUH6

3&$,%6DQG1*6DGPL[DQDO\VHVVXJJHVWWKDW1HROLWKLF/HYDQWDQG1HROLWKLF:HVWVKDUHVRPH
GHJUHHRIFRPPRQDQFHVWU\QRWVKDUHGZLWK1HROLWKLF(DVW7KHREVHUYHGDIILQLW\RI1HROLWKLF
/HYDQWWRPRGHUQ$IULFDQVDPSOHVPD\WKHUHIRUHEHFRQIRXQGHGE\1HROLWKLF:HVWOLNHDQFHVWU\
LQPRGHUQ$IULFD7RLQYHVWLJDWHLIWKHVKDUHGGULIWRI1HROLWKLF/HYDQWDQG0RGHUQ$IULFDLV
LQGHSHQGHQWWRWKHGULIWVKDUHGEHWZHHQ1HROLWKLF:HVWDQG0RGHUQ$IULFDIIRUDOOSDLUZLVH
FRPELQDWLRQVRI1HROLWKLFSRSXODWLRQZHUHWKHQSORWWHGZLWKDOLQHDUUHJUHVVLRQDQGDVVRFLDWHG
FRQILGHQFHLQWHUYDOXVLQJWKHJJSORWIXQFWLRQJHRPBVPRRWK)LJXUH67KUHHSRSXODWLRQV
VKRZDQH[FHVVRI1HROLWKLF/HYDQWVKDUHGGULIWUHODWLYHWRWKHLUGULIWZLWK1HROLWKLF:HVW
&KDOFROLWKLF,VUDHO0RGHUQ7RJRDQG0RGHUQ0RURFFRVXJJHVWLQJDQFHVWU\VKDUHGZLWK1HROLWKLF
/HYDQWEXWQRW1HROLWKLF:HVWLVSUHVHQWLQWKHVHSRSXODWLRQV

,QDGGLWLRQWR1HROLWKLFSRSXODWLRQVVKDUHGGULIWEHWZHHQWZRPRGHUQJHQRPHVSXEOLVKHGKHUH
,2*DQG7RJZDVHVWLPDWHG7DEOH6UHSUHVHQWLQJIHUDO2OG,ULVK*RDWDQG7RJROHVHYLOODJH
JRDWUHVSHFWLYHO\0RGHUQ7RJRVKRZVKLJKHVWVKDUHGGULIWZLWK0RGHUQ0RURFFRLQOLQHZLWK
WKHLUJHRJUDSKLFSUR[LPLW\LQ:HVWHUQ$IULFD$QFLHQW/HYDQWLQHDQGPRGHUQ(XURSHDQ
SRSXODWLRQVVKRZWKHQH[WKLJKHVWGHJUHHRIVKDUHGGULIWZLWK0RGHUQ7RJRVXJJHVWLQJWKDW
PRGHUQJRDWIURPZHVWHUQ$IULFDVKDUHDQFHVWU\ZLWKDSRSXODWLRQUHODWHGWR(XURSHDQJRDW
/HYDQWLQHJRDWRUDPL[WXUHRIERWK/RZHVWVKDUHGGULIWLVREVHUYHGZLWKHDVWHUQSRSXODWLRQV
,UDQ7XUNPHQLVWDQ&KLQD,QWHUHVWLQJO\WKHKLJKHVWVKDUHGGULIWEHWZHHQ0RGHUQ,UHODQGLV
%URQ]H$JH%ULWDLQI 6( UDWKHUWKDQ0RGHUQ)UDQFHI 6( 
7KRXJKLQIHUHQFHLVOLPLWHGE\DYDLODEOHPRGHUQ(XURSHDQJHQRPHVWKLVVXJJHVWVDGHJUHHRI
JHQHWLFFRQWLQXLW\EHWZHHQDQFLHQW%URQ]H$JHDQGPRGHUQ%ULWLVKDQG,ULVKJRDWSRSXODWLRQV
VXSSRUWLQJPRGHUQDQGKLVWRULFPLWRFKRQGULDOHYLGHQFHRIDQ³LQVXODU´JRDWSRSXODWLRQDFURVVWKH
LVOHV+LJKGULIWLVDOVRREVHUYHGZLWK1HROLWKLF:HVW1HROLWKLF/HYDQWDQGPRGHUQ$IULFDQ
SRSXODWLRQVZKLOHORZVKDUHGGULIWLVREVHUYHGZLWKHDVWHUQSRSXODWLRQV


IUDWLRHVWLPDWLRQ
7RHVWLPDWHWKHFRQWULEXWLRQRI$QFLHQW$QDWROLDQ:LOGEH]RDUWRWKHJHQRPHVRI1HROLWKLF/HYDQW
DQG1HROLWKLF:HVWIUDWLRVLQWKHIRUP<DN'LUHNOL'LUNHOL1HROLWKLF;1HROLWKLF
,UDQ<DN'LUHNOL'LUNHOL'LUHNOL1HROLWKLF,UDQZHUHFRQVWUXFWHGXVLQJ$'0,;722/6
ZKHUH;LV1HROLWKLF/HYDQWRU1HROLWKLF:HVW$QFLHQW$QDWROLDQ:LOGZHUHGLYLGHG
LQWRWZRKDSORLGJHQRPHV'LUHNOLDQG'LUHNOLDQGRQHGLSORLGJHQRPH'LUHNOLLQRUGHUWR
VDWLVI\WKHUHTXLUHPHQWVRIWKHUDWLR5HVXOWVDUHGLVSOD\HGLQ7DEOH6%RWK1HROLWKLF:HVWDQG
1HROLWKLF/HYDQWVKRZDSSUR[LPDWHO\RIWKHLUDQFHVWU\DVGHULYLQJIURPWKH$QFLHQW
$QDWROLDQ:LOGSRSXODWLRQZLWK1HROLWKLF/HYDQWVKRZLQJDKLJKHUSURSRUWLRQEXWDJUHDWHU
VWDQGDUGHUURU






$GPL[WXUH*UDSKFRQVWUXFWLRQ
7REXLOGDPRGHORIWKHSRSXODWLRQKLVWRU\RIGRPHVWLFJRDWVDGPL[WXUHJUDSKVZHUHILWWHGXVLQJ
TS*UDSK LQFOXGHGLQWKH$'0,;722/6SDFNDJHZKLFKXVHV IVWDWLVWLFVEDVHGRQDOOHOH
IUHTXHQF\FRUUHODWLRQVEHWZHHQVDPSOHVWRDVVHVVZKHWKHUDILWWHGDGPL[WXUHJUDSKRISRSXODWLRQ
KLVWRU\LVFRQVLVWHQWZLWKWKHGDWD:HIRFXVHGRQILWWLQJ1HROLWKLFSRSXODWLRQVSUHGRPHVWLFZLOG
JRDWDQGPRGHUQGRPHVWLFDWHVIURPWKH(XURSH$IULFDDQG(DVW$VLD&KLQD3RSXODWLRQJURXSLQJV
ZHUHDVGHILQHGLQ7DEOHV6DQG6$VDEDVHZHXVHGWKHJURXSV$QFLHQW$QDWROLDQ:LOGV
1HROLWKLF:HVWDQG1HROLWKLF(DVWGXHWRWKHTXDQWLW\DQGTXDOLW\RIWKHVDPSOHVLQWKHVHJURXSV
<DNZDVXVHGDVDQRXWJURXSTS*UDSK ZDVUXQXVLQJGHIDXOWVHWWLQJVZLWKD=VFRUH DVDFXWRII
IRURXWOLHUIVWDWLVWLFV7KHQXPEHURI613VXVHGLQHDFKJUDSKLVSUHVHQWHGLQ7DEOH6

%DVHGRQ7UHHPL[)LJXUH6DQG,%6)LJXUH6UHVXOWV$QFLHQW$QDWROLDQ:LOGZDVSODFHG
DVWKHRXWJURXSWR1HROLWKLF(DVWDQG1HROLWKLF:HVW)LJXUH6DEXWWKLVPRGHOZDVUHMHFWHG
ZLWKIRXWOLHUVZLWK_=_$V7UHHPL[DQG' VWDWLVWLFV7DEOH6VXJJHVWWKDWDQFHVWRUVRI
1HROLWKLF:HVWWRKDYHDGPL[HGZLWK$QDWROLDQEH]RDUZHPRGHOOHG1HROLWKLF:HVWDVEHLQJD
PL[WXUHRIDSRSXODWLRQUHODWHGWR$QFLHQW$QDWROLDQ:LOGVDQGDSRSXODWLRQOHDGLQJWR1HROLWKLF
(DVWHUQJRDW)LJXUH6E7KLVPRGHOILWVWKHGDWDZLWKQRIRXWOLHUV

:HWKHQDGGHGWKH1HROLWKLF/HYDQWSRSXODWLRQFRPSULVLQJRIWKUHHLQGLYLGXDOVRIORZFRYHUDJH
DYHUDJHa;%DVHGRQ,%6UHVXOWV)LJXUH6ZHH[FOXGHG1HROLWKLF/HYDQWDVEHLQJDQ
RXWJURXSWRDOORWKHUSRSXODWLRQVPRGHOOHG:HIRXQGWKDWPRGHOOLQJ1HROLWKLF/HYDQWDVDQ
RXWJURXSWRGRPHVWLFV1HROLWKLF(DVWDQG:HVWZDVUHMHFWHGZLWKIRXWOLHUV)LJXUH6F
%DVHGRQIRXWJURXS)LJXUH6DQGDQFHVWU\HVWLPDWLRQ)LJXUH61HROLWKLF/HYDQWDQG
1HROLWKLF:HVWVKRZUHODWLYHO\KLJKDIILQLW\:HLQYHVWLJDWHGWRSRORJLHVFRQVLVWHQWZLWKWKLVDQG
IRXQGWKDWDJUDSKLQZKLFK1HROLWKLF/HYDQWDQG1HROLWKLF:HVWZHUHFRPSRVHGRIVHSDUDWH
PL[WXUHVEHWZHHQDQ$QDWROLDQOLNHSRSXODWLRQDQGDSRSXODWLRQVLVWHUWR1HROLWKLF(DVWILWVWKH
GDWD)LJXUH6G7KLVWRSRORJ\ZDVVXSSRUWHGE\,%6WUHHEXLOGLQJ)LJXUH6DQGWKH
DIILQLW\RI1HROLWKLF/HYDQWDQG1HROLWKLF:HVWLQSULQFLSDOFRPSRQHQWDQDO\VLV)LJXUH)LJXUHV
6

:HWKHQLQWURGXFHGDVLQJOHJHQRPH+RYNDWOHDVW\HDUVROG7DEOH6DQGUHSUHVHQWLQJ
$QFLHQW$UPHQLDQ:LOGVWRWKHJUDSK:KHQSODFHGDVWKHURRWRIVDPSOHGZLOGDQGGRPHVWLF
JRDWWKHJUDSKLVUHMHFWHGZLWKIRXWOLHUV0RGHOOLQJDQFLHQW$UPHQLDQVDVWKHVLVWHUFODGHRI
$QFLHQW$QDWROLDQ:LOGDQGUHODWHGSRSXODWLRQVUHVXOWVLQDJUDSKWKDWZLWKQRIRXWOLHUVZKLFKZH
SUHVHQWLQD)LJXUH6HDQGLQDYLVXDOO\PRGLILHGIRUPLQ)LJXUHE7KLVJUDSKWRSRORJ\LVLQ
OLQHZLWK3&$DQDO\VHV)LJXUH)LJXUH6DQG,%6)LJXUH6ZKLFKVXJJHVWDQDIILQLW\RI
$QFLHQW$UPHQLDQ:LOGDQG$QFLHQW$QDWROLDQ:LOG

7RLQYHVWLJDWHKRZWKHVH1HROLWKLFSRSXODWLRQVFRQWULEXWHGWRPRGHUQJRDWSRSXODWLRQVZH
VHTXHQWLDOO\DGGHGWKUHHPRGHUQSRSXODWLRQV(DVW$VLDQ&KLQD(XURSHDQG$IULFDWRWKHJUDSK
:HILUVWUHPRYHG$QFLHQW$UPHQLDQ:LOGGXHWRLWEHLQJUHSUHVHQWHGE\DVLQJOHSVHXGRGLSORLG
VDPSOHVWDUWLQJLQVWHDGZLWKWKHPRGHOGHSLFWHGLQ)LJXUH6G0RGHUQ(DVW$VLDUHTXLUHG
DGPL[WXUHEHWZHHQDSRSXODWLRQDQFHVWUDOWR1HROLWKLF(DVWDQG1HROLWKLF/HYDQWEDVHGRQI
RXWOLHUVVXFKDV

1HROLWKLF:HVW1HROLWKLF/HYDQW1HROLWKLF(DVW0RGHUQ(DVW$VLD= 


1HROLWKLF(DVW0RGHUQ(DVW$VLD$QFLHQW$QDWROLDQ1HROLWKLF/HYDQW= 

7KLVDIILQLW\EHWZHHQ0RGHUQ(DVW$VLDDQG1HROLWKLF/HYDQWZDVHVWLPDWHGDVDFRQWULEXWLRQRI
aIURP1HROLWKLF/HYDQWWRWKHDQFHVWRURI&KLQHVHJRDW$GGLWLRQDOO\ILWWLQJ0RGHUQ(DVW$VLD
UHTXLUHG1HROLWKLF(DVWWREHPRGHOOHGDVFRQWDLQLQJDQDGGLWLRQDOVRXUFHRIZLOGDQFHVWU\:H
QRWHWKDWWKH' VWDWLVWLF1HROLWKLF/HYDQW0RGHUQ(DVW$VLD1HROLWKLF(DVWLVQRWVLJQLILFDQW
= DQGWKDW1HROLWKLF/HYDQWLVUHSUHVHQWHGE\DVPDOOQXPEHURIORZFRYHUDJHVDPSOHV
7KHUHIRUHZHFDQQRWH[FOXGHWKDWWKHUHPLJKWEHDGGLWLRQDOXQVDPSOHGSRSXODWLRQVZKLFKEHWWHU
UHSUHVHQWDQFHVWUDOSRSXODWLRQVZKLFKFRQWULEXWHGWRWKHJHQRPHVRIPRGHUQ&KLQHVHJRDWRUWKDW
VDPSOHVZLWKJUHDWHUVHTXHQFLQJGHSWKZRXOGILWDGLIIHUHQWPRGHORI&KLQHVHJRDWDQFHVWU\

0RGHOOLQJ0RGHUQ(XURSHDVGHVFHQGLQJIURPWKHVDPHDQFHVWUDOSRSXODWLRQWR1HROLWKLF:HVW
UHVXOWHGLQWKUHHIRXWOLHUVZKLFKGLGQRWFOHDUO\LQGLFDWHDVLQJOHXQPRGHOOHGHYHQW:H
K\SRWKHVLVHGWKDWWKHDQFHVWRUVRIPRGHUQ(XURSHDQGRPHVWLFJRDWPD\KDYHXQGHUJRQHDGPL[WXUH
ZLWKD(XURSHDQZLOGFDSULGSRSXODWLRQDQGLQWURGXFHGDQRXWJURXSSRSXODWLRQWRWKHPRGHO
ZKLFKPL[HGZLWKWKHDQFHVWRUVRIPRGHUQ(XURSH7KHUHVXOWLQJPRGHOILWWKHGDWDZLWKQRI
RXWOLHUV7KLVDGPL[WXUHHYHQWLVVXSSRUWHGE\WKH'VWDWLVWLF1HROLWKLF(DVW1HROLWKLF:HVW
0RGHUQ(XURSH= 7DEOH6ZKLFKFDQEHLQWHUSUHWHGDVDQLQFUHDVHRIDQFHVWUDODOOHOHV
LQ0RGHUQ(XURSH$OWHUQDWLYHO\WKHUHPD\EHXQVDPSOHGVWUXFWXUHLQDQFLHQW(XURSHDQJRDW
GHVSLWHWKHKLJKDIILQLW\RI1HROLWKLF:HVWZLWKPRGHUQ(XURSH7DEOH6)LJXUH6

:HWKHQDGGHG0RGHUQ$IULFDQWRWKHPRGHOZKLFKGLGQRWILWLQDFODGHZLWKHLWKHU1HROLWKLF
/HYDQWRU1HROLWKLF:HVWGHVSLWH,%6)LJXUH67UHHPL[)LJXUH6DQGRXWJURXSIYDOXHV
7DEOH6)LJXUH6VXJJHVWLQJDQDIILQLW\RI0RGHUQ$IULFDZLWKWKHVHSRSXODWLRQV0RGHOOLQJ
PRGHUQ$IULFDQVDVDWKUHHZD\PL[WXUHEHWZHHQPRGHUQ(XURSHDQV1HROLWKLF/HYDQWDQGD
SRSXODWLRQEDVDOWR1HROLWKLF:HVWDQG0RGHUQ(XURSHDQVUHVXOWHGLQDPRGHOZLWKWZRIRXWOLHUV
7KHODUJHURIWKHVHRXWOLHUV1HROLWKLF:HVW1HROLWKLF(DVW1HROLWKLF/HYDQW0RGHUQ$IULFD
= VXJJHVWHGXQPRGHOOHGVKDUHGGULIWEHWZHHQ1HROLWKLF:HVWDQG1HROLWKLF/HYDQWRU
1HROLWKLF(DVWDQG0RGHUQ$IULFD:HWKHQPRGHOOHGDQDGGLWLRQDOPL[WXUHHYHQWIURPD
SRSXODWLRQDQFHVWUDOWR1HROLWKLF(DVWWRWKHDQFHVWRUVRIPRGHUQ$IULFDQJRDWUHVXOWLQJLQQRI
RXWOLHUV)LJXUH6:HQRWHWKDWIRXWJURXSYDOXHV7DEOH6VXJJHVWVDJUHDWHUDIILQLW\RI
1HROLWKLF(DVWZLWK0RGHUQ$IULFDWKDQZLWK0RGHUQ(XURSHDVGRHVWKH' VWDWLVWLF1HROLWKLF
,UDQ0RGHUQ$IULFD0RGHUQ(XURSH= 7DEOH6

)LQDOO\ZHDWWHPSWHGWRILWWKHDQFLHQW$UPHQLDQVDPSOH+RYNLQWRWKHJUDSKZLWKWKHVHPRGHUQ
SRSXODWLRQVILWWHG0RGHOOLQJ+RYNDVDQDVLVWHUEUDQFKWR$QFLHQW$QDWROLDQ:LOGZDVUHMHFWHG
ZLWKHLJKWIRXWOLHUVGHVSLWHILWWLQJLQWKHFDVHRI)LJ6H6HYHUDORIWKHVHRXWOLHUVWDWLVWLFV
VXJJHVWHGXQPRGHOOHGDIILQLW\EHWZHHQ+RYNDQG0RGHUQ$IULFDIRUH[DPSOH1HROLWKLF(DVW
$QFLHQW$UPHQLDQ:LOG0RGHUQ(XURSH0RGHUQ$IULFD= $GGLQJDQDGGLWLRQDODGPL[WXUH
HYHQWIURP+RYNWRWKHDQFHVWRUVRI0RGHUQ$IULFDUHVXOWHGLQWKUHHRXWOLHU=YDOXHVDOOZLWKLQ
WKHUDQJHRIDQGVXJJHVWHGDPLQRUFRQWULEXWLRQWR0RGHUQ$IULFD)LJXUH6J
$GGLWLRQDODGPL[WXUHHYHQWVRUDOWHUDWLRQVWRJUDSKLQFUHDVHGWKHQXPEHURIIVWDWLVWLFRXWOLHUV
*LYHQWKDW$QFLHQW$UPHQLDQ:LOGZDVUHSUHVHQWHGE\DVLQJOHSVHXGRGLSORLGLQGLYLGXDODQGWKH
XQFHUWDLQW\RIPRGHOOLQJPRGHUQSRSXODWLRQVZLWKDQFLHQWVDPSOHVXQHYHQO\GLVWULEXWHGDFURVV
WLPHDQGVSDFHZHGLGQRWIXUWKHUVHDUFKWKHJUDSKVSDFHWRILW$QFLHQW$UPHQLDQ:LOG



:HWKHQLQYHVWLJDWHGLIRWKHUDQFLHQWJRDWSRSXODWLRQVFRXOGEHPRGHOOHGXVLQJ1HROLWKLFDQG
3UH1HROLWKLFVDPSOHV'XHWRWKHTXDOLW\DQGQXPEHURIJHQRPHVIRUPDQ\WLPHSHULRGVDQG
UHJLRQVDVNHOHWRQJUDSKRI1HROLWKLF(DVW1HROLWKLF:HVWDQG$QFLHQW$QDWROLDQ:LOGZDVXVHG
WRILWVLQJOHSRSXODWLRQV

,QILWWLQJ%URQ]H$JH/HYDQW1HROLWKLF/HYDQWZDVLQFOXGHGLQRUGHUWRLQYHVWLJDWHKRZORFDO
1HROLWKLFDQFHVWU\FRQWULEXWHGWRODWHUSRSXODWLRQV'XHWRORZFRYHUDJHRI&KDOFROLWKLF/HYDQW
VDPSOHVWKLVSRSXODWLRQZDVQRWPRGHOOHG%URQ]H$JH/HYDQWFRXOGQRWEHPRGHOOHGDVDVLVWHU
FODGHWR1HROLWKLF/HYDQWIRXWOLHUVZLWKKLJKHVWIRXWOLHU1HROLWKLF:HVW1HROLWKLF(DVW
1HROLWKLF/HYDQW%URQ]H$JH/HYDQW= LPSO\LQJXQPRGHOOHGDQFHVWU\EHWZHHQ1HROLWKLF
(DVWDQG%URQ]H$JH/HYDQW6LPLODUO\%URQ]H$JH/HYDQWFRXOGQRWEHPRGHOOHGDVDVLVWHU
SRSXODWLRQWR1HROLWKLF(DVWIRXWOLHUV0RGHOOLQJ%URQ]H$JH/HYDQWDVDPL[WXUHRI
1HROLWKLF/HYDQWDQG1HROLWKLF(DVWOLNHDQFHVWU\UHVXOWVLQDVLQJOHRXWOLHUZLWKDQG
DQFHVWU\FRQWULEXWLRQVUHVSHFWLYHO\)LJXUH6D7KHUHPDLQLQJIRXWOLHUV1HROLWKLF:HVW
1HROLWKLF/HYDQW$QFLHQW$QDWROLD:LOG%URQ]H$JH/HYDQWVXJJHVWVDGGLWLRQDODIILQLW\
EHWZHHQWKH/HYDQWLQHSRSXODWLRQVWKDWLVQRWH[SODLQHGE\WKLVPRGHOPRGHOOLQJDQDGGLWLRQDO
FRQWULEXWLRQIURPD$QDWROLDQOLNHSRSXODWLRQWRWKHDQFHVWRUVRI1HROLWKLF:HVWGLGQRWUHVROYH
WKLVRXWOLHU

%URQ]H$JH$QDWROLDFRXOGQRWEHILWDVDVLVWHUJURXSWRHLWKHU1HROLWKLF(DVWRU1HROLWKLF:HVW
DQGRXWOLHUVUHVSHFWLYHO\RUDVDQRXWJURXSWRERWKRXWOLHUV)LWWLQJ%URQ]H$JH
$QDWROLDDVDPL[WXUHRI1HROLWKLF(DVWDQG:HVWUHVXOWHGLQRXWOLHUVZKLFKVWURQJO\VXJJHVWHG
DQDGGLWLRQDOZLOGFRQWULEXWLRQWR1HROLWKLF(DVWE\WKHI1HROLWKLF(DVW$QFLHQW$QDWROLDQ:LOG
SURGXFLQJD=VFRUHRI$OORZLQJWKLVDGGLWLRQDO$QDWROLDQ:LOGOLNHDQFHVWU\UHVXOWHGLQWKH
PRGHOILWWLQJWKHGDWDZLWKQRRXWOLHUV)LJXUH6EZKLFKGHVFULEHV%URQ]H$JH$QDWROLDDV
DSSUR[LPDWHO\HYHQPL[HVRI1HROLWKLF(DVWDQG:HVWOLNHDQFHVWU\DQGZLWKD
$QDWROLDQ:LOGOLNHFRQWULEXWLRQWR1HROLWKLF(DVW

)LWWLQJ%URQ]H$JH%ULWDLQDVDVLVWHUJURXSWR1HROLWKLF:HVWUHVXOWHGLQWZRIRXWOLHUVERWK
VXJJHVWLYHRIDGGLWLRQDOXQPRGHOOHGDQFHVWU\SUHVHQWLQ1HROLWKLF:HVWEXWQRW%URQ]H$JH
%ULWDLQ,QFOXGLQJWKLVDGGLWLRQDODQFHVWU\LQ1HROLWKLF:HVWUHVXOWVLQQRRXWOLHUVWDWLVWLFV)LJXUH
6F,QWHUHVWLQJO\WKLVUHVXOWKHOGZKHQ1HROLWKLF:HVWZDVUHSUHVHQWHGRQO\E\KLJKFRYHUDJH
LQGLYLGXDOVIURP%ODJRWLQ3ROMQD6HUELDVXJJHVWLQJWKDWWKHVHHDUO\(XURSHDQJRDWVKDYHD
SRSXODWLRQKLVWRU\WKDWLVGLVWLQFWIURPWKHDQFHVWRUVRI%URQ]H$JH%ULWLVKJRDW7KLVPRGHOZDV
FRQVLVWHQWZLWK7UHHPL[)LJXUH6ZKLFKVXJJHVWHGDGGLWLRQDO$QFLHQW$QDWROLDQ:LOGDQFHVWU\
LQ1HROLWKLF:HVWWKDWZDVDEVHQWLQPRGHUQ(XURSHDQ)UHQFKDQG,ULVKJRDW

7RILWSRSXODWLRQVIURPWKH&DXFDVXVUHJLRQ*HRUJLDDQG,UDQLDQ$]HUEDLMDQ&KDOFROLWKLF
%URQ]H$JHDQG,URQ$JH0HGLHYDOSRSXODWLRQVZHUHVHTXHQWLDOO\DGGHGWRWKHVNHOHWRQJUDSK
)LWWLQJDOOSRSXODWLRQVZLWKQRRXWOLHUV)LJXUH6GVXJJHVWHGWKH&DXFDVXVSRSXODWLRQVVKDUHWKH
PDMRULW\RIDQFHVWU\ZLWK1HROLWKLF(DVWZLWKVRPHDGPL[WXUHIURP1HROLWKLF:HVWHUQOLNHVRXUFH
WKDWLQFUHDVHVRYHUWLPHIRU&KDOFROLWKLFDQG%URQ]H$JHSRSXODWLRQVDQGDQDGGLWLRQDO
LQIOX[RIWRWKHDQFHVWRUVRI,URQ$JH0HGLHYDOSRSXODWLRQV6LPLODUWRSUHYLRXVPRGHOVWKLV
UHTXLUHGDVPDOOZLOGLQSXWWRWKHDQFHVWRUVRI1HROLWKLF(DVW



7RPRGHOWKHDQFHVWU\RI,UDQLDQ7XUNPHQDQG8]EHNLJRDW&KDOFROLWKLF,UDQZDVILUVWILWWRWKH
VNHOHWRQJUDSKDVDVLVWHUJURXSWR1HROLWKLF(DVWZKLFKZDVUHMHFWHGZLWKIRXWOLHUV:HDGGHG
DGGLWLRQDODGPL[WXUHIURPD$QFLHQW$QDWROLDQOLNHSRSXODWLRQWR1HROLWKLF(DVWDQGIURPD
1HROLWKLF:HVWOLNHSRSXODWLRQWR&KDOFROLWKLF,UDQZKLFKUHVXOWVLQQRRXWOLHUV)LJXUH6H
1RWDEO\WKLVPRGHOVXJJHVWHGDVXEVWDQWLDOFRQWULEXWLRQIURPWKH:HVWWR&KDOFROLWKLF,UDQ
WKDWLVQRWGHWHFWHGLQRWKHUDQDO\VHV1*6DGPL[' VWDWLVWLFV7RILWDGGLWLRQDOSRVW1HROLWKLF
HDVWHUQSRSXODWLRQV&KDOFROLWKLF,UDQZDVUHPRYHGGXHWRORZ613FRXQW7DEOH67KH
UHVXOWLQJJUDSKZKLFKILWZLWKQRRXWOLHUV)LJXUH6IPRGHOVWKHVHSRVW1HROLWKLFSRSXODWLRQV
&KDOFROLWKLF7XUNPHQLVWDQ%URQ]H$JH,UDQ%URQ]H$JH8]EHNLVWDQDVFRQWDLQLQJVXEVWDQWLDO
:HVWHUQGHULYHGDQFHVWU\ZKLFKLQFUHDVHVWKURXJKWLPH7KLVLVRQO\SDUWLDOO\FRQVLVWHQWZLWKRWKHU
DQDO\VHVWKRXJKDFKDQJHLQDQFHVWU\LVREVHUYHGLQWKH3&$)LJXUH' VWDWLVWLFV7DEOH6
DQG1*6DGPL[)LJXUH6GHWHFWDVLPLODUVLJQDORQO\LQVRPHSRSXODWLRQV:KHQDGGLQJ,URQ
$JH0HGLHYDO,UDQWRWKLVJUDSKDVPDOOQXPEHURIIRXWOLHUVSHUVLVWHGZKLFKFRXOGQRWHDVLO\EH
UHVROYHG$VVXFKZHUHGXFHGWKHVDPSOHVGRZQWRWKHVNHOHWRQJUDSKDQGILW,URQ$JH0HGLHYDO
,UDQDVDPL[WXUHRI(DVWHUQDQG:HVWHUQOLNHDQFHVWULHV)LJXUH6J


)VWRXWOLHUVFDQ
7RLQYHVWLJDWH)VWRXWOLHUUHJLRQVLQ1HROLWKLFJRDW)VWZDVFDOFXODWHGLQ$1*6'EHWZHHQPRGHUQ
EH]RDUDQGERWK1HROLWKLF:HVWDQG1HROLWKLF(DVWDVGHILQHGE\WKH3&$JURXSLQJVLQ7DEOH6
0RGHUQEH]RDUZHUHILUVWVFUHHQHGEDVHGRQ3&$ORFDWLRQZLWKWKHILYHEH]RDUFORVHVWWRGRPHVWLF
JRDWUHPRYHGSULRUWRDQDO\VLV7DEOH66DPSOHVZLWKPHDQFRYHUDJHOHVVWKDQ;ZHUHQRW
LQFOXGHG)VWZDVFRPSXWHGLQVOLGLQJNESZLQGRZVZLWKNESVWHSV)RUEH]RDUWKHIROORZLQJ
VHWWLQJVZHUHXVHGWRFDOFXODWHWKHVLWHIUHTXHQF\VSHFWUXPVHW0D['HSWK,QG+:(BSYDO
PLQ,QG'HSWKPLQ,QGGR0DMRU0LQRU&)RU1HROLWKLFJRDWWKHIROORZLQJVHWWLQJZHUH
XVHGVHW0D['HSWK,QGPLQ,QG'HSWKPLQ,QG:DWHUVRQ¶VWKHWDZDVWKHQFDOFXODWHGLQ
VOLGLQJNESZLQGRZVNESVWHSVIRUHDFKRIWKHWKUHHSRSXODWLRQVXVLQJWKHVDPHILOWHUVDV
DERYH)RUHDFKZLQGRZLQ1HROLWKLFSRSXODWLRQVZHH[SUHVVHGWKHREVHUYHGGLYHUVLW\LQWHUPVRI
WKHGLYHUVLW\REVHUYHGLQVDPHZLQGRZLQPRGHUQEH]RDUORJWKHWDBEH]RDUWKHWDBQHROLWKLFVRWKDW
1HROLWKLFZLQGRZVZKLFKVKRZOHVVGLYHUVLW\LQWKDQLQEH]RDUZLOOKDYHDQHJDWLYHYDOXH,ID
ZLQGRZKDGDQREVHUYHGWKHWDRILWZDVUHSODFHGZLWKDYDOXHRIWRDYRLGGLYLVLRQVE\
]HUR

2XWOLHUZLQGRZVZHUHVHOHFWHGE\WKHIROORZLQJFULWHULD
 )VWZLWKEH]RDULQWKHWRSTXDQWLOH
 ORJWKHWDBEH]RDUWKHWDBQHROLWKLFLQWKHERWWRPTXDQWLOH
 WKHWDBQHROLWKLFLQWKHERWWRPTXDQWLOH

2XWOLHUZLQGRZVZHUHWKHQLWHUDWLYHO\FRPELQHGZLWKDGMDFHQWZLQGRZVZLWK)VWLQWKHWRS
TXDQWLOHWRIRUPRXWOLHUUHJLRQV*HQHRYHUODSSLQJRXWOLHUUHJLRQVZHUHGHWHUPLQHGXVLQJWKH
*HQ%DQNDQQRWDWLRQRI&+,5B7DEOH6)RUUHJLRQVZLWKQRRYHUODSSLQJJHQHVWKH
QHDUHVWJHQHVZHUHLGHQWLILHG

$WRWDORIRXWOLHUUHJLRQVZHUHGHWHFWHGLQWKH1HROLWKLF:HVWSRSXODWLRQDQGLQWKH
1HROLWKLF(DVW7DEOH662IWKHVHSDLUVRIUHJLRQVZHUHFRPPRQRYHUODSSLQJLQERWK


SRSXODWLRQVRQHRYHUODSSLQJWKHJHQH.,7 DQGQRQJHQLFUHJLRQIRUZKLFKWKHFORVHVWJHQHLV
.,7/* RIWKHUHJLRQVRYHUODSSHGDWOHDVWRQHDQQRWDWHGJHQH

7KHWZRJHQHVLGHQWLILHGLQRXWOLHUUHJLRQVLQERWKVDPSOHVDUHDVVRFLDWHGZLWKSLJPHQWDWLRQ
GLIIHUHQFHVLQGRPHVWLFDQLPDOV.,7 DQG.,7/* VRZHLQYHVWLJDWHGZKHUHLQWKH)VWGLVWULEXWLRQ
RWKHUSLJPHQWDWLRQDVVRFLDWHGJHQHVIHOO:HVHOHFWHGILYHJHQHVZLWKSULRUHYLGHQFHRIVHOHFWLRQ
VLJQDWXUHVLQPRGHUQVWXGLHV0&530(/$6,37<53DQG0,7)
)RUERWKWKH(DVWDQG:HVW1HROLWKLFSRSXODWLRQVZHSORWWHGWKH)VWGLVWULEXWLRQRIDOO
ZLQGRZVDQGWKHQSORWWHGWKHKLJKHVW)VWZLQGRZIRUHDFKJHQHRUSLJPHQWDWLRQDVVRFLDWHGRXWOLHU
UHJLRQ)LJXUHDRUWKHPHDQ)VWRIRYHUODSSLQJZLQGRZVIRUHDFKJHQHRU
SLJPHQWDWLRQDVVRFLDWHGRXWOLHUUHJLRQ)LJXUH67DEOH6)RUWKH1HROLWKLF(DVWSRSXODWLRQ
ERWKSORWVVXJJHVWWKDWRWKHUSLJPHQWDWLRQUHODWHGJHQHVVSHFLILFDOO\$6,3DQGWRDOHVVHUGHJUHH
0,7)DQG7<53ZHUHGLIIHUHQWLDWHGUHODWLYHWRZLOGJRDW

7RFRQVWUXFWDQDOOHOHVKDULQJKHDWPDSRIWKH.,7UHJLRQILJXUHE$1*6'ZDVXVHGWR
FRQVWUXFWDQ,%6PDWUL[DVGHVFULEHGDERYHUHVWULFWLQJWKHDQDO\VLVWRWKHXQLRQRIWKHRXWOLHU
UHJLRQVGHWHFWHGDURXQG.,77DEOH67KLVPDWUL[ZDVWKHQYLVXDOL]HGDVDKHDWPDSXVLQJWKH
KHDWPDSIXQFWLRQRIJSORWV7KUHHPDLQFOXVWHUVDUHREVHUYHGDFOXVWHUFRQWDLQLQJPDLQO\
DQFLHQWDQGPRGHUQHDVWHUQJRDWZLWKVHYHUDOPRGHUQ$IULFDQDQFLHQW/HYDQWLQHDQG%URQ]H$JH
$QDWROLDLQGLYLGXDOVDKLJKO\GLIIHUHQWLDWHGFOXVWHUFRPSRVHGRIDQFLHQW1HROLWKLF6HUELDQDQG
PRGHUQ(XURSHDQJRDWDQGDFOXVWHURIDQFLHQWDQGPRGHUQZLOGLQGLYLGXDOV$IRXUWKURXJK
JURXSLQJFRPSRVHGPDLQO\RISRSXODWLRQVVLPLODUWRFOXVWHUDOVRRFFXUVZLWKDQDGGLWLRQDO
PRGHUQ(XURSHDQLQGLYLGXDO7KHVWURQJVWUXFWXULQJDWWKH.,7 ORFXVGHWHFWHGLQLWLDOO\LQGLVWLQFW
1HROLWKLFSRSXODWLRQVDSSHDUVWRSHUVLVWLQWRWKHSUHVHQWGD\0RUHPRGHUQJHQRPHVIURPD
YDULHW\RIEUHHGVDQGJHRJUDSKLFUHJLRQVDUHUHTXLUHGWRFRPSUHKHQVLYHO\DVVHVVWKLVREVHUYDWLRQ

1RWLQJWKHUHODWLYHO\ORZFRYHUDJHRIWKHJHQRPHVXVHGKHUHDQGWKHSDXFLW\RI
JHQRW\SHSKHQRW\SHUHODWLRQVKLSVLQJRDWFRPSDUHGWRRWKHUGRPHVWLFDWHVZHLQYHVWLJDWHGLIWKH
JHQHVLGHQWLILHGLQRUQHDUWKHRXWOLHUUHJLRQVFRQWDLQHGQRQV\QRQ\PRXVYDULDQWVDWDKLJK
IUHTXHQF\LQD1HROLWKLFSRSXODWLRQDQGORZLQEH]RDU¶875DQGQRQJHQLFYDULDQWVZHUHQRW
FRQVLGHUHGGXHWRWKHGLIILFXOW\LQDVVHVVLQJSKHQRW\SLFLPSRUWDQFH7RJHQHUDWHDSUHOLPLQDU\OLVW
RIJHQLFYDULDQWVVDPWRROVPSLOHXSZDVXVHGWRFDOOYDULDQWVLQWKHEH]RDUDQGWZRGLSORLG
1HROLWKLFJHQRPHVLQFOXGHGLQWKHVHOHFWLRQDQDO\VLVUHVWULFWLQJWRH[RQVRIWKHLGHQWLILHGJHQHV
7DEOH6SOXVESWRGHWHFWSRVVLEOHVSOLFHVLWHPXWDWLRQV6LWHVZLWKLQESRILQGHOVZHUH
UHPRYHG$GGLWLRQDOO\VKHHSDQG\DNRXWJURXSVZHUHDOVRFDOOHGWRSRODUL]HYDULDQWVDVDQFHVWUDO
RUGHULYHG6LWHVWKDWERWKRXWJURXSVVKDUHGIL[HGDOOHOHVZHUHUHWDLQHGDQGWKHDOOHOHVHWDV
DQFHVWUDOVLWHVWKDWHLWKHURXWJURXSZDVKHWHUR]\JRXVRUZHUHQRWLQFRQVHQVXVZHUHGLVFDUGHG
6LWHVZHUHWKHQILOWHUHGIRUKRPR]\JRXVVWDWXVLQHLWKHU1HROLWKLFJHQRPHDFRUUHVSRQGLQJ
PD[LPXPIUHTXHQF\RILQEH]RDU6\QRQ\PRXVDQG¶875YDULDQWVZHUHUHPRYHGOHDYLQJD
ILQDOQLQHQRQV\QRQ\PRXVVLWHV7DEOH6$OOHOHIUHTXHQFLHVRIWKHVHVLWHVLQERWK1HROLWKLF
(DVWDQG1HROLWKLF:HVWSRSXODWLRQVXVHGLQWKHVHOHFWLRQDQDO\VLVZHUHHVWLPDWHGXVLQJ$1*6'
XVLQJWKHIROORZLQJVHWWLQJVGR0DIGR0DMRU0LQRU*/WULP

7KHQLQHQRQV\QRQ\PRXVYDULDQWVLWHVZHUHIRXQGDFURVVVHYHQJHQHV/2&
VHURWUDQVIHUULQWZRYDULDQWV67$70<20 .,7/* .,7 /2& &<3&6,57
WZRYDULDQWV2QH/2& YDULDQWZDVLGHQWLILHGLQ1HROLWKLF(DVWIUHTXHQF\RI


ZKLOHDVHFRQGZDVLGHQWLILHGLQERWK(DVWDQG:HVWDVEHLQJIL[HGIRUWKHDQFHVWUDODOOHOH7KH
67$7YDULDQWPDWFKHGWKHDQFHVWUDODOOHOHDQGLVDWDKLJKIUHTXHQF\LQERWK(DVWDQG:HVW
1HROLWKLFV$0<20 YDULDQWLVIL[HGDVGHULYHGLQ1HROLWKLF(DVWLQZKLFKSRSXODWLRQWKH
JHQHZDVLQLWLDOO\GHWHFWHGXVLQJWKHRXWOLHUDSSURDFKEXWLVDEVHQWLQ1HROLWKLF:HVW7KH.,7/*
QRQV\QRQ\PRXVYDULDQWLVIL[HGLQ1HROLWKLF(DVWEXWFRPPRQLQ1HROLWKLF:HVW7KH
.,7 YDULDQWLGHQWLILHGDSSHDUVDWDIUHTXHQF\RILQWKH1HROLWKLF:HVWEXWLVDEVHQWLQ
1HROLWKLF(DVW%RWK6,57YDULDQWVDUHDKLJKIUHTXHQF\LQ1HROLWKLF:HVWEXWORZa
LQ1HROLWKLF(DVW6,57ZDVLGHQWLILHGLQDQRXWOLHUUHJLRQLQ1HROLWKLF:HVW7DEOH6
/2& &<3&LGHQWLILHGRULJLQDOO\LQ1HROLWKLF(DVWLVIL[HGIRUDQDQFHVWUDODOOHOH
LQWKHVDPHSRSXODWLRQDQGIL[HGIRUWKHGHULYHGDOOHOHLQ1HROLWKLF:HVW


'HPRJUDSKLFPRGHOOLQJRISRSXODWLRQKLVWRULHVZKROHPLWRFKRQGULD
:KROHPLWRFKRQGULDOJHQRPHVIURPVDPSOHVZHUHDQDO\VHGDQGDOOVLWHVZHUHFDOOHGDV
GHVFULEHGDERYH&RQVLGHULQJWKHKHWHURJHQHRXVOHYHORIPLVVLQJGDWDDFURVVVDPSOHVUDQJLQJ
IURPWRVHH7DEOH6DGDWDVHWLQFOXGLQJRQO\VLWHVVKDUHGDFURVVDOOVDPSOHVZRXOGKDYH
QRWKDGVXIILFLHQWLQIRUPDWLRQ7KHUHIRUHHDFKVXPPDU\VWDWLVWLFVZDVFDOFXODWHGXVLQJLQGLYLGXDO
SDLUZLVHFRPSDULVRQVERWKZLWKLQDQGEHWZHHQSRSXODWLRQV(DFKZLWKLQSRSXODWLRQVXPPDU\
VWDWLVWLFKDVEHHQFDOFXODWHGDVDYHUDJHDFURVVDOOWKHLQGLYLGXDOSDLUZLVHFRPSDULVRQVEHWZHHQDOO
VDPSOHVEHORQJLQJWRWKDWVSHFLILFSRSXODWLRQ(DFKEHWZHHQSRSXODWLRQVXPPDU\VWDWLVWLFKDVEHHQ
FDOFXODWHGDVDYHUDJHDFURVVDOOLQGLYLGXDOSDLUZLVHFRPSDULVRQVEHWZHHQVDPSOHVEHORQJLQJWRWKH
WZRSRSXODWLRQVXQGHUVWXG\)ROORZLQJWKLVDSSURDFKERWKQXFOHRWLGHGLYHUVLW\SHUSRSXODWLRQDQG
+XGVRQ¶VSDLUZLVH)VW ZHUHFDOFXODWHGZLWKDQLQKRXVH5VFULSWY7DEOH6DQG
6 

:HGHYHORSHGDQDSSUR[LPDWH%D\HVLDQFRPSXWDWLRQ$%&IUDPHZRUNWRHVWLPDWH
SDUDPHWHUVDQGFRPSDUHPRGHOV7ZRGHPRJUDSKLFPRGHOVZHUHGHVLJQHGWRLQYHVWLJDWHWKH
GHPRJUDSKLFKLVWRULHVRIVDPSOHVEHORQJLQJWRWKH:HVWHUQ(DVWHUQDQG/HYDQWLQHSRSXODWLRQV
PRGHO6,1*/(B07DQGPRGHO08/7,3/(B07)LJXUH6D0RGHO6,1*/(B07UHSUHVHQWVD
VLQJOHGRPHVWLFDWLRQHYHQWVKDUHGIRUWKHWKUHHSRSXODWLRQV$QDQFHVWUDOSRSXODWLRQ1DQFJRHV
WKURXJKDERWWOHQHFNIURPWR\HDUVDJRUHSUHVHQWLQJWKHGRPHVWLFDWLRQHYHQWEHIRUH
VSOLWWLQJLQWKHWKUHHDQFHVWUDOSRSXODWLRQZKLFKJLYHULVHWRWKH1HROLWKLF:HVWHUQ(DVWHUQDQG
/HYDQWLQHSRSXODWLRQVUHSUHVHQWHGE\1QHRZ1QHRHDQG1QHROUHVSHFWLYHO\0RGHO
08/7,3/(B07GHVFULEHVDVFHQDULRZLWKPXOWLSOHGRPHVWLFDWLRQHYHQWV)URPDQDQFHVWUDO
SRSXODWLRQ1DQFWKH/HYDQWLQHEUDQFKVSOLWVEHIRUHJRLQJWKURXJKDERWWOHQHFNIURPWR
\HDUVDJRDQGWKHQH[SRQHQWLDOO\H[SDQGVIURPWR\HDUVDJR1HROLWKLF
/HYDQWLQHSRSXODWLRQ6XEVHTXHQWO\WKHDQFHVWUDOSRSXODWLRQ1DQFVSOLWVLQWRWKHDQFHVWUDO
SRSXODWLRQIRUWKH:HVWHUQDQG(DVWHUQVDPSOHV1DQFZDQG1DQFHUHVSHFWLYHO\EHIRUHJRLQJ
WKURXJKDERWWOHQHFNDW\HDUVDJRDQGWKHQH[SRQHQWLDOO\H[SDQGXSWR\HDUVDJR
1HROLWKLF:HVWHUQDQG(DVWHUQSRSXODWLRQV3ULRUGLVWULEXWLRQVIRUDOOSDUDPHWHUVRIWKHWZR
PRGHOVDUHUHSRUWHGLQ7DEOH6

:HEXLOWRXUVLPXODWLRQVWRKDYHWKHVDPHFRQILJXUDWLRQDVWKHREVHUYHGGDWDWRFRQIRUPZLWK
VHTXHQFHOHQJWKDQGSDWWHUQRIPLVVLQJGDWD6SHFLILFDOO\ZHILUVWUHFRUGHGWKHH[DFWSRVLWLRQRI
HDFKPLVVLQJQXFOHRWLGHDFURVVDOOVHTXHQFHVLQWKHUHDOGDWDVHW³PLVVLQJGDWDOD\HU´7KHQWKH
PD[LPXPQXPEHURIEDVHSDLUZDVVLPXODWHGDQGVXEVHTXHQWO\WKH³PLVVLQJGDWDOD\HU´


ZDVDSSOLHGWRHDFKVLPXODWHGGDWDVHW,QWKLVZD\ZHZHUHDEOHWRUHFUHDWHWKHH[DFWSDWWHUQRI
PLVVLQJGDWDLQWHUPVRISHUFHQWDJHDQGSRVLWLRQREVHUYHGLQWKHUHDOGDWDVHWLQHDFKVLPXODWHG
GDWDVHW

:HSHUIRUPHGVLPXODWLRQVXQGHUHDFKPRGHOXVLQJIDVWVLPFRDOY7KH
PXWDWLRQUDWHZDVFDOLEUDWHGDVGHVFULEHGDERYHDQGDYDOXHRI[SHUVLWHSHUJHQHUDWLRQ
ZDVXVHG*HQHUDWLRQWLPHZDVDVVXPHGDW\HDUV7KHIROORZLQJVXPPDU\VWDWLVWLFVZHUH
XVHGQXFOHRWLGHGLYHUVLW\SHUSRSXODWLRQᶢB(ᶢB/DQGSDLUZLVH+XGVRQ¶V)VWIRUWKH
IROORZLQJFRPSDULVRQV)VWB:B()VWB/B:)VWB/B(0RGHOSRVWHULRUSUREDELOLWLHVZHUH
FDOFXODWHGE\DZHLJKWHGPXOWLQRPLDOORJLVWLFUHJUHVVLRQ IRUZKLFKZHUHWDLQHGWKHEHVW
DQGVLPXODWLRQV3DUDPHWHUVXQGHUWKHPRVWVXSSRUWHGPRGHOZHUHHVWLPDWHGIURP
WKHVLPXODWLRQVFORVHVWWRWKHREVHUYHGGDWDVHWXVLQJWKHQHXUDOQHWDOJRULWKP$QDO\VHV
ZHUHSHUIRUPHGLQWKH5HQYLURQPHQWZLWKWKHOLEUDU\DEF

0RGHOSRVWHULRUSUREDELOLWLHVVXJJHVW08/7,3/(B07DVWKHPRVWVXSSRUWHGPRGHOE\WKHGDWD
XVLQJWZRWKUHVKROGVRIVLPXODWLRQVUHWDLQHGDQG7DEOH63DUDPHWHUV
HVWLPDWLRQVZDVGRQHXQGHUPRGHO08/7,3/(B07IRU7VSOLWDQG7OHYDQW7KHPRGHIRU7VSOLWLV
.<$FUHGLEOHLQWHUYDO.<$ZKLOHWKHPRGHIRU7OHYDQWLV.<$
FUHGLEOHLQWHUYDO.<$7KLVODWWHUHVWLPDWHLQSDUWLFXODULVFOHDUO\SULRUWRWKH
GRPHVWLFSHULRGDQGVXSSRUWVWKHFRQWULEXWLRQRIVHSDUDWHEH]RDUSRSXODWLRQVWRGLIIHUHQWUHJLRQDO
SRSXODWLRQVRIHDUO\GRPHVWLFDWHV3DUDPHWHUVHVWLPDWHVDUHVKRZQLQ7DEOH6DQGSRVWHULRU
GLVWULEXWLRQVLQ)LJXUH6


'HPRJUDSKLFPRGHOOLQJRISRSXODWLRQKLVWRULHVDXWRVRPHV
:KROHDXWRVRPDOJHQRPHVIURP1HROLWKLFVDPSOHVZHUHDQDO\VHGWRLQYHVWLJDWHWKHUHODWLRQVKLS
EHWZHHQ:HVWHUQDQG(DVWHUQSRSXODWLRQV9DULDQWFDOOLQJDQGILOWHULQJLVGHVFULEHGDERYH
SURGXFLQJDILQDOGDWDVHWRIYDULDQWVZKLFKDUHDWOHDVW.EDSDUWWRDYRLGWKHHIIHFWRI
OLQNDJHGLVHTXLOLEULXP:HILOWHUHGIRUPLVVLQJGDWDLQWKHGDWDVHWWRUHPRYHDQ\DGGLWLRQDO
VRXUFHRIXQFHUWDLQW\)RXUVDPSOHVEHORQJHGWRWKH1HROLWKLF:HVWDQGILYHVDPSOHVEHORQJHGWR
WKH1HROLWKLF(DVWVHH7DEOH6%RWKQXFOHRWLGHGLYHUVLW\SHUSRSXODWLRQDQG+XGVRQ¶VSDLUZLVH
)VW ZHUHFDOFXODWHGZLWKLQKRXVH5VFULSW5Y1XFOHRWLGHGLYHUVLW\FDOFXODWHGRQ
DSUHVHOHFWHGVXEVHWRIYDULDQWVLWHVGRHVQRWFRUUHVSRQGWRWKHQXFOHRWLGHGLYHUVLW\FDOFXODWHG
DFURVVWKHZKROHJHQRPH,QRUGHUWRWDNHWKLVELDVLQWRDFFRXQWZHJHQHUDWHGVLPXODWHGGDWDLQWKH
VDPHZD\WKDWZHSUHVHOHFWHGWKHYDULDQWVLWHVLQWKHUHDOGDWDVHW:HVXEVHWWKHILUVWYDULDQW
VLWHVDQGFDOFXODWHGWKHQXFOHRWLGHGLYHUVLW\SHUSRSXODWLRQRQWKLVVXEVHW,QWKLVZD\WKH
QXFOHRWLGHGLYHUVLW\FDOFXODWHGRQERWKWKHVLPXODWHGDQGUHDOGDWDDUHFRPSDUDEOH 

:HGHYHORSHGDQ$SSUR[LPDWH%D\HVLDQ&RPSXWDWLRQ$%&IUDPHZRUNWRHVWLPDWH
SDUDPHWHUVDQGFRPSDUHPRGHOV7ZRGHPRJUDSKLFPRGHOVZHUHGHVLJQHGWRLQYHVWLJDWHWKH
GHPRJUDSKLFKLVWRULHVRIVDPSOHVEHORQJLQJWRWKH:HVWHUQDQG(DVWHUQSRSXODWLRQVPRGHO
6,1*/(B$8DQGPRGHO%,1$5<B$8)LJXUH6E0RGHO6,1*/(B$8GHVFULEHVDQDQFHVWUDO
SRSXODWLRQ1DQFWKDWJRHVWKURXJKDERWWOHQHFN1DQFIURPWR\HDUVDJR
UHSUHVHQWLQJWKHGRPHVWLFDWLRQHYHQW$IWHUWKHERWWOHQHFN1DQFEUDQFKHVLQWRWKHDQFHVWUDO
SRSXODWLRQV1ERWZDQG1EWRHRIWKH1HROLWKLF:HVWHUQDQG(DVWHUQVDPSOHVUHVSHFWLYHO\%RWK
SRSXODWLRQVH[SRQHQWLDOO\LQFUHDVHLQVL]HIURPWR\HDUVDJR1QHRZDQG1QHRH


0RGHO%,1$5<B$8GHVFULEHVDQDQFHVWUDOSRSXODWLRQWKDWDWWKHWLPH7VSOLWEUDQFKHVLQWRWKHWZR
DQFHVWUDOSRSXODWLRQVWRWKH:HVWHUQDQG(DVWHUQVDPSOHV1DQFZDQG1DQFHUHVSHFWLYHO\
(DFKRIWKHVHWZRSRSXODWLRQVJRHVWKURXJKDERWWOHQHFNIURPWR\HDUVDJR
UHSUHVHQWLQJLQGHSHQGHQWGRPHVWLFDWLRQHYHQWV1ERWZDQG1ERWH$IWHUZDUGVERWKSRSXODWLRQV
H[SRQHQWLDOO\LQFUHDVHLQVL]HIURPWR\HDUVDJR1QHRZDQG1QHRH3ULRU
GLVWULEXWLRQVIRUDOOSDUDPHWHUVRIWKHWZRPRGHOVDUHUHSRUWHGLQ7DEOH6

:HSHUIRUPHGVLPXODWLRQVXQGHUHDFKPRGHOXVLQJIDVWVLPFRDOY7KH
PXWDWLRQUDWHZDVFDOLEUDWHGDVGHVFULEHGDERYHDQGDYDOXHRI[SHUVLWHSHUJHQHUDWLRQZDV
XVHGDORQJZLWKDJHQHUDWLRQWLPHRI\HDUV7KHIROORZLQJVXPPDU\VWDWLVWLFVZHUHXVHG
QXFOHRWLGHGLYHUVLW\SHUSRSXODWLRQᶢB(ᶢB:DQGSDLUZLVH+XGVRQ¶V)VW)VWB:B(
0RGHOSRVWHULRUSUREDELOLWLHVZHUHFDOFXODWHGE\DZHLJKWHGPXOWLQRPLDOORJLVWLFUHJUHVVLRQ
IRUZKLFKZHUHWDLQHGWKHEHVWDQGVLPXODWLRQV3DUDPHWHUVXQGHUWKHPRVW
VXSSRUWHGPRGHOZHUHHVWLPDWHGIURPWKHVLPXODWLRQVFORVHVWWRWKHREVHUYHGGDWDVHWXVLQJ
WKHQHXUDOQHWDOJRULWKP$QDO\VHVZHUHSHUIRUPHGLQWKH5HQYLURQPHQWZLWKWKH
OLEUDU\DEF

:HFDOFXODWHGWKHQXFOHRWLGHGLYHUVLW\IRUERWKWKH:HVWHUQDQG(DVWHUQ1HROLWKLFVDPSOHVᶢB:
ᶢB(ZKLFKUHVXOWVLQDQGSHUVLWHUHVSHFWLYHO\ZKLOHWKHSDLUZLVH+XGVRQ¶V)VWLV
0RGHOSRVWHULRUSUREDELOLWLHVVXJJHVWPRGHO%,1$5<B$8DVWKHPRVWVXSSRUWHGPRGHOE\WKH
GDWDXVLQJWZRWKUHVKROGVRIVLPXODWLRQVUHWDLQHGDQG7DEOH67KHSUHIHUHQFH
RIWKLVPRGHOZKLFKLQYROYHVWZRVHSDUDWHGRPHVWLFDWLRQVIURPEH]RDUIRU(DVWHUQDQG:HVWHUQ
JRDWVRYHUWKHVLQJOHGRPHVWLFDWLRQPRGHOFRQFXUVZLWKWKHHYLGHQFHIURPRWKHUDQDO\VHV





)LJ6
'DPDJHSDWWHUQVRIQRQ86(5WUHDWHGDQG86(5WUHDWHGOLEUDULHV1RQ86(5WUHDWHGOLEUDULHVZHUHQRW
FRQVWUXFWHGIRU'LUHNOL'LUHNOLDQG'LUHNOLGXHWROLPLWHGDYDLODEOH'1$DQGIRUWKRVHSUHYLRXVO\
UHSRUWHGGXHWRSULRUDXWKHQWLFDWLRQ










)LJ6
5HDGOHQJWKGLVWULEXWLRQRIVHTXHQFHGOLEUDULHV







)LJ6
0D[LPXP/LNHOLKRRGSK\ORJHQ\RIDQFLHQWDQGPRGHUQJRDWEH]RDUPLWRFKRQGULD1XELDQ,EH[LV
LQFOXGHGDVDQRXWJURXS+LJKFRQILGHQFHERRWVWUDSYDOXHVIRUQRGHV!DUHGLVSOD\HG0RVWGRPHVWLF
VDPSOHVIDOOLQKDSORJURXS$WKHPRVWFRPPRQPRGHUQKDSORJURXS1HROLWKLFJRDWIURP,UDQDQG
7XUNPHQLVWDQSOXVVRPHODWHUDQFLHQWGRPHVWLFVVKRZQRQ$KDSORJURXSV'*%



)LJ6
0D[LPXP/LNHOLKRRGSK\ORJHQ\RIDQFLHQWJRDWEH]RDUPLWRFKRQGULD,QFOXGHGLVDUHSUHVHQWDWLYH
PRGHUQEH]RDUVHTXHQFHIURPHDFKGRPHVWLFKDSORJURXSWKH:HVW&DXFDVLDQ7XUDQGWKH1XELDQ,EH[
DVDQRXWJURXS+LJKFRQILGHQFHERRWVWUDSYDOXHVIRUQRGHV!DUHGLVSOD\HG




)LJ6
0LWRFKRQGULDO7UHHJHQHUDWHGE\%($67LQFOXGLQJZLOGDQGGRPHVWLFVHTXHQFHV+LJKFRQILGHQFH
SRVWHULRUYDOXHVIRUQRGHV!DUHGLVSOD\HG





)LJ6
0LWRFKRQGULDO7UHHJHQHUDWHGE\%($67LQFOXGLQJZLOGDQGGRPHVWLFJRDW7XUDQG0DUNKRUVHTXHQFHV
+LJKFRQILGHQFHSRVWHULRUYDOXHVIRUQRGHV!DUHGLVSOD\HG


)LJ6
/$6(5SURMHFWLRQ3&$RIPRGHUQDQGDQFLHQWZLOGDQGGRPHVWLFJRDWVDPSOHVXVLQJSUXQHGGDWDVHW
9DOXHVLQSDUHQWKHVLVUHSUHVHQWWKHSHUFHQWDJHRIYDULDQFHH[SODLQHGE\DJLYHQ3&DVHVWLPDWHGE\
/$6(53&GLIIHUHQWLDWHVZLOGIURPGRPHVWLFJRDW3&HDVWHUQ,UDQLDQ&KLQHVHIURPZHVWHUQ
(XURSHDQGRPHVWLFJRDW




)LJ6
/$6(5SURMHFWLRQ3&$RIDOODQFLHQWVDPSOHVDQGPRGHUQGRPHVWLFJRDWXVLQJSUXQHGGDWDVHW9DOXHVLQ
SDUHQWKHVLVUHSUHVHQWWKHSHUFHQWDJHRIYDULDQFHH[SODLQHGE\DJLYHQ3&DVHVWLPDWHGE\/$6(53&
GLIIHUHQWLDWHVHDVWHUQ,UDQLDQ&KLQHVHIURPZHVWHUQ(XURSHDQGRPHVWLFJRDWZKLOH$IULFDQJRDWDQG
ZLOGDQFLHQWVIDOORQWKHH[WUHPHVRI3&

)LJ6
/$6(5SURMHFWLRQ3&$RIDOODQFLHQWVDPSOHVDQGPRGHUQGRPHVWLFJRDWXVLQJJUDQXODUVXEJURXSVDQG
VDPSOHODEHOV9DOXHVLQSDUHQWKHVLVUHSUHVHQWWKHSHUFHQWDJHRIYDULDQFHH[SODLQHGE\DJLYHQ3&DV
HVWLPDWHGE\/$6(5*UDSKDUHDKDVEHHQLQFUHDVHGDQGV\PEROVL]HGHFUHDVHGWRDFFRPPRGDWH
LQGLYLGXDOODEHOV








)LJ6
1HLJKERXU-RLQLQJWUHHRIDQFLHQWDQGPRGHUQGRPHVWLFDQGZLOGJRDW,%6PDWUL[XVLQJJHQRPHV!;
FRYHUDJH:LOGJRDWERWKDQFLHQWDQGPRGHUQJURXSWRWKHH[FOXVLRQRIGRPHVWLFV7KHFHQWUDOGLYLGHRI
DQFLHQWDQGPRGHUQGRPHVWLFVDPSOHVZLWKEHWZHHQHDVWHUQDQGZHVWHUQ/HYDQWLQHJRDW0RGHUQ
,UDQLDQVDSSHDUDGPL[HGILJ66DQGKHUHIDOODVDQRXWJURXSWRGRPHVWLFV







)LJ6
$GPL[WXUHJUDSKPRGHOVIRUDQFLHQWDQGPRGHUQGRPHVWLFJRDWVD%DVHJUDSKXVHGZKLFKZDVUHMHFWHG
E$PRGLILHGYHUVLRQRIWKHSUHYLRXVJUDSKDOORZLQJDGPL[WXUHIURPDZLOGSRSXODWLRQUHODWHGWR
$QFLHQW$QDWROLDQ:LOGVLQWRWKHDQFHVWRUVRIZHVWHUQ1HROLWKLFVZKLFKZDVQRWUHMHFWHGF1HROLWKLF
/HYDQWPRGHOOHGDVWKHRXWJURXSRIHDVWHUQDQGZHVWHUQ1HROLWKLFJRDWEXWWKHJUDSKLVUHMHFWHGG$
PRGHOLQZKLFK1HROLWKLF/HYDQWDQG1HROLWKLF:HVWVKDUHDQFHVWU\DQGERWKVXEVHTXHQWO\DGPL[ZLWKD
ZLOGSRSXODWLRQLVQRWUHMHFWHGH$GGLWLRQRIWKH$QFLHQW$UPHQLDQ:LOGJHQRPHWRWKHURRWRIWKHZLOG
FODGHZKLFKLVQRWUHMHFWHGI0RGHOGZLWKWKHDGGLWLRQRIPRGHUQ$IULFDQ&KLQHVHDQG(XURSHDQ
JHQRPHVILWVWKHGDWD0RGHUQSRSXODWLRQVDUHPRGHOOHGDVDPL[WXUHRIDQFHVWULHVJ7KHSUHYLRXV
PRGHOZLWKWKHDGGLWLRQRIWKHDQFLHQW$UPHQLDQZLOGJRDW7KLVPRGHOUHVXOWVLQWKUHHRXWOLHUIVWDWLVWLFV
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
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 
7DEOH6
3DLUZLVH+XGVRQ¶V)VWEDVHGRQZKROHPLWRFKRQGULDOJHQRPHVIRUVDPSOHVLQFOXGHGLQWKHGHPRJUDSKLF
PRGHOOLQJ)RUSRSXODWLRQDFURQ\PVVHH7DEOH6

3RSXODWLRQ : ( /
:   
(   
/   
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 
7DEOH6
3ULRUGLVWULEXWLRQVIRUDOOSDUDPHWHUVRIPRGHO6,1*/(B07DQG08/7,3/(B07D7LPHSRLQWVDUH
H[SUHVVHGLQJHQHUDWLRQVFRQVLGHULQJDOUHDG\WKDWRXU1HROLWKLFVDPSOHVDUHSODFHGDW\HDUVDJR

0RGHO6,1*/(B07 0RGHO08/7,3/(B07
1QHRO 8QLIRUP 1QHRO 8QLIRUP
1QHRZ 8QLIRUP 1QHRZ 8QLIRUP
1QHRH 8QLIRUP 1QHRH 8QLIRUP
1ERWO 8QLIRUP 1ERWO 8QLIRUP
1ERWZ 8QLIRUP 1ERWZ 8QLIRUP
1ERWH 8QLIRUP 1ERWH 8QLIRUP
1DQF 8QLIRUP 1DQFO 8QLIRUP
1DQF 8QLIRUP 1DQFZ 8QLIRUP
 1DQFH 8QLIRUP
5XOHVDSSOLHG 1DQF 8QLIRUP
1ERWO1ERWZDQG1ERWH1DQF 1DQF 8QLIRUP
1DQF1DQF 7VSOLW 8QLIRUPD
1ERW1QHRIRUHDFKSRSXODWLRQ 7OHYDQW 8QLIRUP7VSOLWD
 
 5XOHVDSSOLHG
 1ERWO1ERWZDQG1ERWH1DQF
 1DQFZDQG1DQFH1DQF
 1ERW1QHRIRUHDFKSRSXODWLRQ
 1DQF1DQF
 1DQFO1DQF
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7DEOH6
0RGHOSRVWHULRUSUREDELOLWLHVFDOFXODWHGE\DZHLJKWHGPXOWLQRPLDOORJLVWLFUHJUHVVLRQXVLQJZKROH
PLWRFKRQGULDOJHQRPHV

1XPEHURIVLPXODWLRQVUHWDLQHG
0RGHO
6,1*/(B07
0RGHO
08/7,3/(B07
  
  
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 
7DEOH6
3DUDPHWHUHVWLPDWLRQXQGHUWKHPRVWVXSSRUWHGPRGHO3ULRUGLVWULEXWLRQVDQGHVWLPDWHVRIERWK7VSOLWDQG
7OHYDQWKDYHEHHQFRQYHUWHGLQ\HDUVXVLQJDJHQHUDWLRQWLPHRI\HDUVDQGWKH\DOUHDG\WRRNLQWR
DFFRXQWWKDWWKH1HROLWKLFVDPSOHVDUHSODFHGDW\HDUVDJR

0RGHO
08/7,3/(B07 3ULRU D 0HGLDQ 0RGH D
7VSOLW 8QLIRUP    
7OHYDQW 8QLIRUP7VSOLW    
D8SSHUDQGORZHUOLPLWVRIWKHFUHGLEOHLQWHUYDO
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7DEOH6
1XPEHURI613VXVHGLQTS*UDSKDQDO\VLV

*UDSK)LJXUH
1XPEHURI
613V
6D 
6E 
6F 
6G 
6H 
6I 
6J 
6D 
6E 
6F 
6G 
6H 
6I 
6J 
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7DEOH6
IUDWLRHVWLPDWLRQRI$QDWROLDQ$QFLHQW:LOGDQFHVWU\GLYLGHGLQWRWZRJURXSV'LUHNOLDQG
'LUHNOL'LUHNOLLQ1HROLWKLF/HYDQWDQG1HROLWKLF:HVW

7HVW IUDWLR 6( =
I<DN'LUHNOL'LUNHOL1HROLWKLF:HVW1HROLWKLF,UDQ
I<DN'LUHNOL'LUNHOL'LUHNOL1HROLWKLF,UDQ   
I<DN'LUHNOL'LUNHOL1HROLWKLF/HYDQW1HROLWKLF,UDQ
I<DN'LUHNOL'LUNHOL'LUHNOL1HROLWKLF,UDQ   
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7DEOH6
3ULRUGLVWULEXWLRQVIRUDOOSDUDPHWHUVRIPRGHO6,1*/(B$8DQG%,1$5<B$8 D7LPHSRLQWVDUH
H[SUHVVHGLQJHQHUDWLRQVFRQVLGHULQJDOUHDG\WKDWRXU1HROLWKLFVDPSOHVDUHSODFHGDW\HDUVDJR

0RGHO6,1*/(B$8 0RGHO%,1$5<B$8
1QHRZ 8QLIRUP 1QHRZ 8QLIRUP
1QHRH 8QLIRUP 1QHRH 8QLIRUP
1ERWZ 8QLIRUP 1ERWZ 8QLIRUP
1ERWH 8QLIRUP 1ERWH 8QLIRUP
1DQF 8QLIRUP 1DQFZ 8QLIRUP
1DQF 8QLIRUP 1DQFH 8QLIRUP
 1DQF 8QLIRUP
5XOHVDSSOLHG 7VSOLW 8QLIRUPD
1ERWZDQG1ERWH1DQF 
1DQF1DQF 5XOHVDSSOLHG
1ERW1QHRIRUHDFKSRSXODWLRQ 1ERW1DQFIRUHDFKSRSXODWLRQ
 1DQFZDQG1DQFH1DQF

1ERW1QHRIRUHDFKSRSXODWLRQ
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7DEOH6
0RGHOSRVWHULRUSUREDELOLWLHVFDOFXODWHGE\DZHLJKWHGPXOWLQRPLDOORJLVWLFUHJUHVVLRQXVLQJZKROH
JHQRPHVHTXHQFHV
1XPEHURIVLPXODWLRQV
UHWDLQHG 0RGHO6,1*/(B$8 0RGHO%,1$5<B$8
  
  
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7DEOH6
*HQHWLFGLYHUVLW\EDVHGRQZKROHJHQRPHVHTXHQFHVᶢQXFOHRWLGHGLYHUVLW\

3RSXODWLRQ $FURQ\P 6DPSOHVL]H ᶢSHUVLWH
1HROLWKLF:HVW :  
&KDOFROLWKLFDQG%URQ]H$JH:HVW :  
1HROLWKLF(DVW (  
&KDOFROLWKLFDQG%URQ]H$JH(DVW (  
,URQ$JH0HGLHYDODQG0RGHUQ(DVW (  




 
7DEOH6
+XGVRQ¶VSDLUZLVH)VWEDVHGRQZKROHJHQRPHVHTXHQFHV)RUSRSXODWLRQVDFURQ\PVVHH7DEOH6
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7DEOH6
0RGHUQVDPSOHVLQFOXGHGLQDQDO\VHV

(%,6DPSOH
$FFHVVLRQ *URXSLQJ&RXQWU\
&RYHUDJH
T 6WXG\1DPH
1*6DGPL[
VXEVDPSOH
6HOHFWLRQ
VXEVDPSOH
6$0($ 0RGHUQ(XURSH)UDQFH  IUHQFKBPRGHUQ <HV 
6$0($ 0RGHUQ(XURSH)UDQFH  IUHQFKBPRGHUQ <HV 
6$0($ 0RGHUQ(XURSH)UDQFH  IUHQFKBPRGHUQ <HV 
6$0($ 0RGHUQ(XURSH)UDQFH  IUHQFKBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ <HV 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ 0RGHUQ,UDQ  LUDQLDQBPRGHUQ 1R 
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU <HV <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU <HV <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ $]HUEDLMDQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU <HV <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU <HV <HV
6$0($ 4D]YLQ:LOG  LUDQLDQBEH]RDU 1R <HV
6$0($ +DPHGDQ:LOG  LUDQLDQBEH]RDU 1R 1R
6$0($ +DPHGDQ:LOG  LUDQLDQBEH]RDU 1R 1R
6$0($ +DPHGDQ:LOG  LUDQLDQBEH]RDU <HV 1R
6$0($ +DPHGDQ:LOG  LUDQLDQBEH]RDU 1R 1R
6$0($ +DPHGDQ:LOG  LUDQLDQBEH]RDU 1R 1R
6$01 0RGHUQ&KLQD  &+,5B 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ <HV 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ <HV 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ 1R 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ <HV 
6$0($ 0RGHUQ$IULFD0RURFFR  PRURFFDQ <HV 
(56 0RGHUQ$IULFD7RJR  7RJ <HV 
(56
0RGHUQ(XURSH,UHODQG
2OG,ULVK*RDW  ,2* <HV 
6$01 2XWJURXS  6KHHS  
6$01 2XWJURXS  <DN  
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7DEOH6
IRXWJURXSDQDO\VLVXVLQJ4D]YLQ%H]RDUDVRXWJURXS6KDUHGGULIWLVFDOFXODWHGEHWZHHQ6RXUFHDQGD
IL[HG6RXUFH:KHQD0RGHUQSRSXODWLRQLVXVHGD6RXUFH0RGHUQ$IULFDDQG0RGHUQ(XURSH
JURXSLQJVDUHVSOLWLQWRWKHLUFRXQWU\VXEJURXSLQJV

6RXUFH 6RXUFH 7DUJHW I VWGHUU = 613V
0RGHUQ,UHODQG 1HROLWKLF:HVW 4D]YLQ%H]RDU    
%URQ]H$JH%ULWDLQ 1HROLWKLF:HVW 4D]YLQ%H]RDU    
0RGHUQ)UDQFH 1HROLWKLF:HVW 4D]YLQ%H]RDU    
1HROLWKLF/HYDQW 1HROLWKLF:HVW 4D]YLQ%H]RDU    
0RGHUQ0RURFFR 1HROLWKLF:HVW 4D]YLQ%H]RDU    
0RGHUQ7RJR 1HROLWKLF:HVW 4D]YLQ%H]RDU    
%URQ]H$JH7XUNH\ 1HROLWKLF:HVW 4D]YLQ%H]RDU    
&KDOFROLWKLF/HYDQW 1HROLWKLF:HVW 4D]YLQ%H]RDU    
%URQ]H$JH/HYDQW 1HROLWKLF:HVW 4D]YLQ%H]RDU    
,URQ0HGLHYDO&DXFDVXV 1HROLWKLF:HVW 4D]YLQ%H]RDU    
0RGHUQ&KLQD 1HROLWKLF:HVW 4D]YLQ%H]RDU    
0HGLHYDO,UDQ 1HROLWKLF:HVW 4D]YLQ%H]RDU    
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